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INTRODUCTION 
Acrylic monomers are important chemicals in the production and 
processing of a great variety of plastic materials (synthetic 
polymers). The production and processing procedures are not restricted 
to industries, but acrylic monomers are used also in a great variety 
of non-industrial applications. Hence, humans are exposed to these 
monomers during very divergent occupations. In the last decades skin 
problems caused by these monomers were reported in many publications. 
In this thesis (chapter II-VIII) an experimental study is reported 
of the sensitizing potential of 26 acrylic monomers in guinea pigs. In 
chapter I the applications of acrylic monomers are described and the 
literature concerning skin problems caused by acrylic monomers is 
reviewed. In the first part of chapter I a short introduction is given 
to the history of plastic materials in general and to the principles 
of polymerization reactions leading to their production. 
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CHAPTER I 
PLASTIC MATERIALS, AN INTRODUCTION 
1. Definition of plastic materials 
2. History of development of plastic materials 
3. Principles of polymerization reactions 
4. Application of acrylic monomers 
5. Additives 
6. Skin problems caused by acrylic monomers 
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PLASTIC MATERIALS, AN INTRODUCTION 
1.1. DEFINITION OF PLASTIC MATERIALS 
Plastics are synthetic macromolecular substances (high polymers) built 
up by repetition of small, simple chemical units. 
1.2. HISTORY OF THE DEVELOPMENT OF PLASTIC MATERIALS 
The synthesis of the first synthetic polymer (plastic material) in the 
beginning of the 20th century, was preceded by a period in which the 
characteristics of natural polymers were modified by chemical 
procedures. Charles Goodyear discovered that when rubber was heated 
with sulphur it retained its elasticity over a wider range of 
temperatures and showed a greater resistance to solvents This 
process was called vulcanization. In subsequent work of Goodyear and 
Hancock a hard rubber was obtained by using higher concentrations of 
sulphur; ebonite or vulcanite. 
In Europe several investigators were developing methods to control 
the nitration of cellulose. This product was of interest as an 
explosive and used in the manufacturing of collodion. Alexander Parkes 
patented in 1856 a process of waterproofing woven fabrics based on 
this product. In America John Hyatt patented in 1869 the use of 
collodion for coating billiard balls, but the inflammability of 
collodion was an unwanted property. In Brydson, Kaufman is cited who 
tells 'how Hyatt received a letter from a Colorado billiard saloon 
proprietor commenting that occasionally the violent contact of the 
balls would produce a mild explosion like a percussion guncap. This in 
itself he did not mind, but each time this happened instantly every 
man in the room pulled a gun'. 
In 1870 Hyatt patented the production process of a hornlike 
material, using cellulose nitrate and camphor. It became worldwide 
known as celluloid. In Germany at the turn of the century erinoTd or 
galalith was developed, a polymer obtained by reacting casein with 
formaldehyde. It is still in use in the buttonindustry. 
The history of the fully synthetic polymers started in 1907 with 
the production of a polymer based on a phenol-formaldehyde reaction 
by Baekeland. In 1910 he founded the General Bakelite Company. 
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In the second decade of the 20th century urea/thiourea-formaldehyde 
polymers were developed, these polymers together with the related 
mei amine-formaidehyde polymers are s t i l l in use. 
In the period 1930-1940 many of today's major plast ics were 
discovered; for example polystyrene, polyvinyl chloride (p.v.c.) and 
polymethyl methacrylate. 
Polyethylene was discovered by accident in the laboratories of the 
Imperial Chemical Industries ( I .C. I . )» during studies on the ef fect of 
high pressure on certa in organic reactions. In one of the experiments 
a white waxy sol id had been formed and by analysis i t appeared to be a 
polymer of ethylene. Polymethyl methacrylate (perspex) was developed 
also by I . C . I . Nylon 66, a polycondensation product of adipic acid 
with hexamethylene diamine, was developed by Carothers for 
du Pont-Nemours at the end of the t h i r t i e s , th is was established af ter 
seven years of intensive research to produce a synthetic f i b e r . Otto 
Bayer was competing with Carothers in the development of f i b r e forming 
polymers. His work resulted in the development of polyurethanes, which 
subsequently appeared to have many more f i e l d s of appl icat ion than 
j u s t synthetic f i b r e s . 
In 1940-1945 t e f l o n was discovered, also by accident, and the 
f i r s t experiments with epoxy resins were i n i t i a t e d . Since the second 
world war several new important polymers were discovered, for example 
polypropylene. This period however is more characterized by important 
improvements of the qual i ty of the exist ing polymers, which resulted 
in a wide range of possible appl icat ions. 
Today a small number of polymers ( for example polyvinyl ch lor ide, 
Polyethylene, polymethyl methacrylate) are produced in bulk quant i t ies, 
while most others are produced in smaller quantit ies to f u l f i l 
specif ic technical demands. 
References 
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1.3. PRINCIPLES OF POLYMERIZATION REACTIONS 
Introduction 
The synthesis of polymers can either be an uninterrupted sequence of 
operations or it may be interrupted, in which case an intermediate 
product is formed, called a synthetic resin or prepolymer. The 
processing industry restarts the chemical reaction of the synthetic 
resin or prepolymers by heating or irradiation and/or by adding 
chemicals either as catalysts or curing agents linking together the 
prepolymers to high polymers. 
To meet demands concerning applicability of the end product, the 
producer or the processor may use additives, which are not chemically 
bound to the polymer; for example fillers, colourants or 
flame-retarders 
The term monomer is used for the starting molecules which by mutual 
reaction lead to the formation of the polymer. The polymer 
macromolecule is thus characterized by repetition of the starting 
molecules or fragments of them. 
Lim'ar molecules are made up by difunctional molecules and are 
thermoplastic; their shape can be changed by an external force when 
these plastics are heated. If one of the chainbuilding molecules is 
more than bifunctional, a three dimensional structure can be formed. 
The shape of this endproduct cannot be changed after heating: 
thermoset plastics. Such three dimensional networks can be formed 
either by cross-linking linear prepolymers by a curing agent or may 
be formed spontaneously (if one of the participating types of monomers 
is threefunctional). 
Classification and principles of polymerization reactions 
Polymerization reactions can be divided in two types: 
- condensation reactions; 
- addition: a. chain propagation reactions; 
b. step reactions. 
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Condensation (figure 1, 2) 
In th is type of polymerization two or more d i f f e r e n t monomers react 
with each other, producing the large molecule and a small molecular 
byproduct not involved in the bui lding up of the polymer. This 
polymerization reaction can be interrupted y ie ld ing a prepolymer. In 
the processing phase the macromolecular endproduct is produced in one 
of two manners v iz : restar t ing the condensation reaction or cross-
l i n k i n g the prepolymers with a so cal led hardener (cross-l inker or 
curing agent). 
In the processing phase f i l l e r s , colourants, U.V.-protectors, 
f lame-retarders, woven and unwoven t e x t i l e s etc. may be added to adapt 
the endproduct to the usage purpose. 
Examples: phenol-formaldehyde resins (novolac), polyamides 
(nylons), epoxy resins, polyesters (ter lenka, dacron). 
HOOCRCOOH + HOR1 OH + H00CRCOOH 
— OCRCOORi OOCRCO— +H2O 
Figure 1 Linear polyester: thermoplastic 
HOOC-C=C-COOH • HOROH • 
unsaturated dial 
dicarboxylic acid 
~OOC- C- C- COOROOC- c- c- coo— 
CK о? 
-~OOC-C-C-COOROOC-C-C-COO~ 
I I 
>OOC-C=C-COOROOC-C=C-COO'> 
unsaturated polyester prepolymer 
CH2 
CROSS LINKER 
ISTYRENE) 
Figure 2 Polyester with three dimensional network: thermoset p las t ic 
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Addition 
a. Chain propagation reactions (figure 3) 
Double bonds in monomers (C = С or С = 0 linkages) are opened and the 
resulting free valencies are able to join other similar molecules. No 
byproducts are formed. The reaction can be initiated by energy (heat, 
electronbeam irradiation, U.V. light) or chemicals. Initiation and 
propagation of chain propagation reactions is commonly caused by 
radical formation. Radicals are molecules or atoms with an unshared 
electron and are formed by splitting of a so called radical donor by 
energy or chemicals. This radical reacts with a monomer by addition. 
Thus a monomer-radi cal is formed, bearing again an unshared electron. 
Subsequently large prepolymer radicals are produced and the growth of 
the prepolymers is terminated for instance when two prepolymer 
radicals combine. 
Examples: polyethylene, polystyrene, polyvinyl chloride, 
polypropylene, polymethyl methacrylate. 
In monomers containing activating groups, the polymerization 
reaction may be initiated and propagated by ions. An example of such 
a chain propagation reaction is the polymerization of a so called 
superglue composed of cyanoacrylates; polycyanoacrylate (see 
cyanoacrylate). 
INITIATION 
heat 
irradiation ' R R • 2П* 
or promotor radcal radical 
donor 
R " + C = C — • R - C - C ' 
radical monomer 
PROPAGATION 
R - C - C + C = C — • R - C - C - C - C ' - ^ R - [ C - C - ] ñ 
radical dimer radical prepolymer 
TERMINATION 
R [rC-C-fc'BC-C^m-R—R E-C-C-^R 
polymer 
Figure 3 Chain propagation reaction with radicals (R') 
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b. Step reactions (figure 4) 
Two different types of monomers are reacting with each other. This 
reaction involves the shift of a proton. No byproducts are formed. The 
reaction stops when one of the monomers is consumed. In this type of 
polymerization it is possible to underdose one of the monomers in the 
initial polymerization reaction. The processor may restart the reaction 
in the application phase by adding this monomer, which leads to 
further chain growth. 
In the polymer chain both monomers alternate, and the prepolymer 
is terminated by the monomer in excess. 
Example: polyurethanes. 
0=C=H-(^ > N = C = 0 + HO-R-OH 
di isocyonate polyol 
C u O O u P u O о и с и о 
Χ H и и H I H M il H ι H M 
0=C=N^ i ^N-C-(>R-0-C-N^^N-C-0-R-0-C-N-|# # i YN-C· 
Polyurethane 
Figure 4 Step r e a c t i o n 
1.4. APPLICATIONS OF ACRYLIC MONOMERS 
The polymerization of acry l ic monomers follows the example of the 
addit ion chain propagation type react ion. 
Acryl ic monomers may be considered s t r u c t u r a l l y as derivatives of 
acry l ic acid ( f igure 5 ) . By introduction of a var iety of side chains 
connected to the α or в carbon atoms ( f igure 6, 7 ) , by e s t e r i f i c a t i o n 
with smaller or larger sometimes branched alcohols, di or polyalcohols 
( f igure 8, 9 ) , by replacing the carboxylic group by a cyano-group 
( f igure 10), or by replacing the carboxylic group by an 
16 
amide (figure 11) a great number of different acrylic monomers can be 
formed. Each of these modifications makes the monomer applicable to 
specific technical purposes. Hence, acrylic polymers may be used in a 
great variety of production processes, crafts or trades, including 
medical and cosmetic applications. 
A short introduction is given to the different groups of acrylic 
monomers: 
- esters of acrylic and methacrylic acid (figure 8, 9); 
- cyanoacrylates (figure 7); 
- acryl om' tri le (figure 10); 
- acrylamide (figure 11). 
Figure 5 Acrylic acid ÇH2=ÇH-COOH 
Figure 6 Methacrylic acid 
СНз 
сн2 =с-соон 
Figure 7 Cyanoacrylate CN О 
I II 
CH2=C -C-O-R 
Figure 8 Ester of acryl ic 
acid (mono acrylate) CH2 =CH-COOR 
Figure 9 Ester of methacrylic 
СНз 
acid (monomethacrylate) CH2 =C _COOR 
Figure 10 Acrylonitrile CH2=CH-CN 
Figure 11 Acrylamide 0 
11 CH2 = CH-C-NH2 
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Esters of acrylic or methacrylic acid 
Esters of acrylic or methacrylic acid may be divided in several groups: 
- mono(meth)acrylates 
- multifunctional acrylates 
- acrylated resins and prepolymers 
Mono(meth)acrylates 
Mono(meth)acrylates (figure 8, 9) are used for the production of a 
great variety of polymers. The thermal, chemical and mechanical 
properties of these polymers are determined by the type of monomer, 
the production procedure and the additives used. The polymerization is 
a chain propagation reaction and if benzoyl peroxide is used as a 
radical donor for methyl methacrylate, polymerization may follow the 
scheme of figure 12. 
In many applications of this monomer a 2 component processing 
system is used in which a suspension or powder of the polymer 
containing a radical donor is mixed with a monomer liquid containing 
starter and other additives. Shorty before application powder and 
monomer are mixed to yield a doughy mass which may be applied in for 
example a mould. This procedure is for example used in the 
manufacturing of dentures, hearing aids and in orthopedic surgery to 
glue a prosthesis.to bone (so called 'bone cement'). In table 1 a 
review is given of the application of acrylic monomers. 
QbL-<J^Q catalyst heat 
benzoyl peroxide 
2Q-I 
benzoyl radical (R*) 
0' 
CH3 
R' + CH2 = C 
1 C=0 
1 
OCH3 
methyl methacrylate 
СНэ 
R-CHz-C-
C=0 
¿СНз 
СНз 
CH2-Ç -
C=0 
¿СНз 
СНэ 
CH2-C-R 
ι 
С=0 
¿СНз 
pdymethyl methacrylate 
(PERSPEX.LUCITE) 
Figure 12 Polymerisation of methyl methacrylate, using benzoyl peroxide 
as a radical donor 
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Table 1 
Medical eye, denture, vascularprosthesis, heart-valve, a r t i f i c i a l 
j o i n t , contact-lens, spectacleglass-frame, adhesive-
plaster, wound-spray, s p l i n t , infus iοη-system, t issue 
embedding mater ia l , p last ic surgery reconstructions, 
hearing aid 
Print ing UV curable inks and coatings, photopolymer and 
flexographic pr in t ing plates 
Utensils plexiglass and other transparant p l a s t i c s , veneer 
Construction paint , adhesive, addit ive to concrete, synthetic rubber 
Textile finish ahd size 
Adhesives sealer, stopper 
Cosmetics hairspray, fragrance, artificial nails 
Multifunctional acrylates 
Mult i functional acrylates are for example di(meth)acrylate esters of 
dialcohols ( f igure 13) or t r i a c r y l a t e esters of polyalcohols 
( f igure 14). Mult i functional acrylates are widely used in formulations 
used for quick drying u l t r a v i o l e t curable inks or electron beam 
i r r a d i a t i o n curable coatings and furthermore in modern photopolymer 
p r i n t i n g plate procedures. In these technologies large unsaturated 
backbone molecules are crossi inked f o r example by mult i funct ional 
acrylates. This crossl inking is i n i t i a t e d by free radical formation 
either caused d i r e c t l y by electron beam i r r a d i a t i o n ( f igure 15) or 
mediated by photo- in i t ia tors (radical donors) which are activated ( s p l i t 
into radicals) by u l t r a v i o l e t l i g h t . Coatings based on th is pr inc ip le 
are applied on a var iety of materials such as metal, wood, glass, paper 
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R 0 OR 
ι II ιι ι 
С Н г = C - C - 0 - R i - 0 - C - C = C H 2 
R = H diacrylate ester of dialcohols Idiacrylatel 
R = C H 3 dimethacrylate ester of dialcoholstómethacrylate! 
Figure 13 
0 CH2OH 0 
I l I ¿ H 
c=c-c-o-c-c-c-o-c-c=c 
c-o-c-c=c 
11 
0 
penta erythntd tri acrylate 
Figure 14 
unsaturated polyester 
0 0 0 0 0 
-c=c-CN c-c=c-c c-c-c-c 
ORO 4 0 - R - -R-o' | N0-R-
fC=C' -C-C 
! ^0 / S 
libutonediol ' l i . ' ' 
diacrylate ¡ -f- Cu ·• C4 
ί χΟ !
 XÔ ! С^ ! С . !
 / 0 ' / "О 
; с=с ' -с-с 
0 0 о о I о 
-с=с-с с-с=с-с с-с-с-с 
/ ORO O-R- - R - 0 0-R-
electron beam 
Figure 15 Crosslinking of an unsaturated polyester by 1,4-butanediol 
diacrylate initiated by electron beam irradiation 
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and plastic materials. Furthermore dimethacrylates are used in the 
composition of glues which polymerizes in anaerobic condition, 
especially in the presence of metals. These glues are used for example 
to lock screws in automobile assembly (loctite). 
Acrylated resins and prepolymers 
The large unsaturated backbone molecules used in the technology of 
ultraviolet or electron beam irradiation curable coatings and inks are 
often acrylated base molecules. Among the resins and prepolymers used 
for this purpose are epoxy resins, polyethers, polyurethanes, 
polyesters and unsaturated drying oils (figure 16). 
C=C 0 0 C=C 
С OH .—. С
 /—^ OH ζ Vc-c-c-o-/ Yç-f Vo-c-c-c-o 
acrylated epoxy resin 
F i g u r e 16 
Cyanoacrylates 
The so called 'superglues' marketed in recent years are based on the 
adhesive properties of polymerized cyanoacrylates. Unusual strong 
bonds are quickly formed. It is used as an adhesive for glass, metal, 
plastics, rubber and also in surgery to bind tissues and to seal 
wounds. The polymerization is an ion initiated chain propagation 
reaction in which weak bases (water, NH2 groups of amino acids) 
function as electron donors (figure 17). 
Acrylonitrile 
It polymerises spontaneously in the absence of oxygen. It is used in 
the manufacturing of synthetic fibers (Orion, Acrilan, Courtelle), in 
surface coatings, in rubber, and with butadiene and styrene as 
copolymers in rigid plastics, which are used in building, suitcases, 
shoes, telephones and automobile manufacturing. 
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CN 
ι 
C=C 
ι 
base 
X+ - OH" 
COOR 
CN 
c-c ·• 
6
' COOR 
X - OH" 
initiation 
CN 
ι, 
OH-C-Cf +X+ 
COOR 
CN 
C=C-COOR 
propagat on 
CN 
O H - C - C -
i 
COOR 
CN 
ι 
C - C -
COOR 
CN 
C-C9 
COOR 
+xT 
HCL CN 
• O H - C - C -
termmotion I 
COOR 
CN 
ι 
C-C-
i 
COOR 
CN 
C-CH 
COOR 
•XCL 
Figure 17 Ionic chain propagation reaction of a cyanoacrylate 
initiation _.
 A _ . ^ D . .. 
of polymerization K + A—A • K — A - A 
OH 
inhibition 
OH 
R-A-Ä or R'+ 
OH 
hydroqumone 
- RH-[I I] 
о 
RAAH or RH-
OH 
R+ 
OR OR 
0' 
• etc inactive 
' products 
resonance-stabilized radical 
incapable to react with a monomer 
Figure 18 Mechanism of polymerization inhibition by hydroquinone 
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Acrylamìde 
Polymerized acrylamìde is a hard material. It is used for the 
separation of solids suspended in water in for example mining and the 
cleaning of sewage and industrial waste. In biochemistry it is used 
for gel electroforesis. 
1.5. ADDITIVES 
Additives are used in the production and processing of acrylic 
polymers either to play a role in the polymerization process (for 
example a radical donor) or to give the end product certain 
characteristics (for example colourants). A short review of possible 
additives is given in table 2. 
Inhibitors 
Inh ib i tors are added to acry l ic monomers to prevent unwanted 
polymerization. These substances prevent the i n i t i a t i o n of the 
polymerization or degrade a growing chain to inactive products by 
terminating the growing chain ( f igure 18). The polymerization during 
storage is often i n i t i a ted by peroxides formed by oxidation of the 
monomers, but also organic solvents that easily form peroxides such as 
ethers, ketones and hydrocarbons can play an important r o l e , 
especially when the acry l ic monomers are stored in not properly 
cleaned drums or bo t t les . To prevent the oxidation of the monomers, 
antioxidants are used to s tab i l i ze the monomers. Hydroquinone and 
p-methoxyphenol are often used for th is purpose. 
Table 2: Possible additives in acrylates 
Inhib i tors - hydroquinone, p-methoxyphenol 
p las t ic izer - dibutyl phtalate, tr iphenyl phosphate 
Accelerators - dimethyl p- to lu id ine, a l iphat ic amins 
Radical donors - benzoyl peroxide 
U.V. absorbers, solvents, pigments, colouring agents, f i l l e r s , flame 
retarders, photodegradants, s tab i l izers etc. 
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1.6. SKIN PROBLEMS CAUSED BY ACRYLIC MONOMERS 
In contact with the human skin some acrylic monomers may induce a 
delayed type hypersensitivity that may cause an allergic contact 
dermatitis in following exposures to the monomer. Except these 
possible allergic reactions, acrylic monomers may cause an irritant 
contact dermatitis. In many publications skin problems caused by 
acrylic monomers were reported. A short review of these publications 
is given. 
Irritant reactions 
Irritant reactions caused by monomethacrylates in production or 
processing procedures were not reported. However, from patch testing 
with monoacrylates in clinical cases of allergic contact dermatitis it 
is well known that these monomers may cause irritant reactions when 
tested in high concentrations or undiluted. To avoid these irritant 
reactions and to reduce the risk of active sensitization monoacrylates 
have to be tested in a low concentration; 1% in petrolatum is 
generally considered a suitable patch test concentration. 
Monomethacrylates are less irritant, and a patch test with 100% 
methyl methacrylate hardly causes an irritant reaction in most ot the 
patients. However, again to reduce the risk of active sensitizations 
monomethacrylates are tested in a concentration of + 2% in petrolatum. 
Soon after the introduction of diacrylates and triacrylates as 
crosslinkers in ultraviolet or electron beam irradiation curable 
coatings and photopolymer printing plates, severe skin eruptions were 
reported. Beurey (1) observed erythema, prurigo and bullae on the 
lower legs of printers working with a recently introduced photopolymer 
printing plate manufacturing procedure in a large newspaper plant. In 
experiments in humans he demonstrated with the patch test procedure 
the very strong irritant potential of tetraethylene glycol diacrylate 
one of the constituents of the formulation to make printing plates. In 
search of an alternative he discovered also the strong irritant 
potential of 1,2-ethanediol diacrylate and triethylene glycol 
diacrylate. Tetraethylene glycol dimethacrylate did not cause irritant 
reactions and was used as a replacement for tetraethylene glycol 
diacrylate in the formulation of the printing plate production. 
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Strong i r r i t a n t reactions to 1,6-hexanediol d iacry la te , penta-
e ry th r i t o l t r i ac ry la te and trimethylolpropane t r i ac ry la te were also 
reported (2, 3, 4) . Malten (5) described the strong i r r i t a n t potential 
of 1,4-butanediol d iacrylate and 1,6-hexanediol d iacry la te , 
constituents of an electron beam i r rad ia t ion curable coating used in 
the paint department of a door factory. In an experiment with a 
volunteer he demonstrated the strong and peculiar type of i r r i t a n t 
reaction caused by 1,6-hexanediol d iacry la te. After a 20 minutes 
exposure to 87% in methyl ethyl ketone, a redness appeared af ter 15 h, 
which was transformed into a bulla in the fol lowing 24 h. He 
introduced the term 'delayed i r r i t a t i o n ' to describe th is type of late 
i r r i t a n t reactions and pointed to a var iety of d i f fe rent substances of 
which such an a c t i v i t y had been published. 
Allergic reactions 
In many publications allergic reactions to a wide range of acrylic 
monomers were reported. Most of these reports deal with clinical cases 
of allergic contact dermatitis. An enumeration of the literature is 
given in table 3. It is discussed more in detail in the introductions 
of chapters IV, V. 
Several investigators have studied the sensitizing potential of 
(some) acrylic monomers in guinea pigs. Reports of succesfull 
sensitizations are reviewed in table 4. 
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Table 3: Acrylic monomers (compounds): allergic reactions reported in 
humans 
Ethyl acryl ate - 6, 7, 8 
η-Butyl acryl ate - 9, 10, 7, 8 
Glycidyl acryl ate - 9 
t-Butyl acryl ate - 10 
2-Ethylbutyl acryl ate - 10 
2-Ethylhexyl acryl ate - 10 
Methyl methacrylate - 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 
8, 55, 56 
Ethyl methacrylate - 23, 24 
η-Butyl methacrylate - 23, 24 
2-Hydroxyethyl methacrylate - 25, 26 
1-Hydroxypropyl methacrylate - 10 
1,6-Hexanediol diacrylate - 27 
Diethylene glycol dimethacrylate - 25 
Tri ethyl ene glycol dimethacrylate - 25, 8 
Tetraethylene glycol dimethacrylate - 8, 25 
Polyethylene glycol dimethacrylate - 8 
Pentaerythritol t r i acryl ate - 3, 27, 2, 28, 4, 29 
Trimethylolpropane t r i a c r y l a t e - 3, 27, 2, 28, 4 
Tri propyl ene glycol t r i a c r y l a t e - 28 
Epoxy acryl ate - 29, 4, 27, 30 
Polyester acrylate - 29, 4 
Dipentaerythritol monohydroxy penta acrylate - 3 
Acryl ami de - 31 
Acryl oni t r i le - 32, 33 
N-Methylol acryl ami de - 34, 31 
N.N-Methylene bis acrylamide - 31 
Hexahydro 1.3.5. t r i a c r y l o l - s - t r i a z i n e - 9 
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Table 4: Acryl ic monomers: sensit izations reported in guinea pigs 
Hexyl acryl ate - 35 
2-Ethylhexyl acryl ate - 36 
n-Heptyl methacrylate - 35 
Methyl methacrylate - 37, 38, 39 
Ethyl methacrylate - 39 
η-Butyl methacrylate - 39 
Trimethylolpropane t r i a c r y l a t e - 40 
Pentaerythritol t r i a c r y l a t e - 40, 30, 2 
Acrylated epoxy resin - 4 1 , 30 
Bisphenol A dimethacrylate - 41 
1,6-Hexanediol diacrylate - 42 
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CHAPTER II 
AIM OF THE STUDY 
The application of acrylic monomers in the production and processing 
of a great variety of products used in very divergent trades, crafts, 
and occupations, has resulted in the exposure of many people to these 
monomers during certain activities in industrial and household 
environment. 
The potential of some of these monomers to cause allergic and 
irritant reactions on the human skin was reported in numerous 
publications dealing with clinical cases of allergic or irritant 
contact dermatitis (chapter I). These reports have focused the 
attention on the (possible) allergic and irritant potentials of 
acryl i с monomers. 
From the side of occupational dermatologists the question was 
raised if certain monomers had to be preferred from a dermatological 
point of view. A preference for a certain monomer,among a group of 
technically possible alternatives, is only possible on the base of 
systematic data concerning the allergic and irritant potentials of 
these monomers. A rough estimation of the allergic potential of a 
chemical on the human skin may be obtained by combining data of the 
number of sensitizations observed in a certain period of time,and 
geographical area with those concerning the application(s) of the 
chemical,and the annual tonnage used. However, such impressions are 
not precise enough to make a selection possible of acrylic monomers 
with respect to their allergic potential, because: 
1. many external factors (table 1) are influencing the induction of 
sensitizations and these factors are generally unknown in the 
reports of clinical cases of allergic contact dermatitis; 
2. the number of sensitizations has to be related to the number of 
exposed people. These data are incomplete and mostly unknown. 
In experiments with guinea pigs it is possible to investigate the 
sensitizing potential of a chemical. In these experiments many of the 
external factors that may influence the induction of sensitizations 
can be standardized. This fact makes possible a comparison of the 
sensitizing potential of different chemicals. The existing paucity of 
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systematic experimental data concerning the sensitizing potential of 
acrylic monomers initiated this study, in which the following points 
were investigated: 
1. The sensitizing potential of structurally related 
a. monoacrylates and monomethacrylates 
b. diacrylates and dimethacrylates; 
2. A possible relation between sensitizing potential, and 
a. the presence of a methyl group at the a carbon atom 
b. the structure of the alkyl group in the ester; 
3. The role of (meth)acrylic acid; 
4. Possible concomitant sensitization to additives (inhibitors for 
example) or traces of substances used in synthesis; 
5. The cross reaction pattern of acrylic monomers. 
Special attention was paid to the purity of these monomers. 
Table 1: External factors influencing the induction of delayed type 
hypersensitivity (contact sensitization) 
I. exposure: concentration 
vehicle 
duration 
repetition 
localization 
size of area 
open versus closed application 
quenching, promoting effects 
II. environment: temperature 
humidity 
prior or concurrent exposure to 
other 'damaging' factors such 
as chemicals, UV light, 
detergents etc. 
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CHAPTER III 
MATERIALS AND METHODS 
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INTRODUCTION 
The experimental sensi t izat ion of guinea pigs to extracts of the 
leaves of Primula obconica by Bloch and Steiner-Wourlisch (43), were the 
f i r s t consistent results of experimental sensit izat ions in animals. In 
the fol lowing 50 years the guinea pig remained the experimental animal 
'par excellence' to study the mechanism of delayed hypersensi t iv i ty 
reactions in animals. See for a review Polak (44), Turk (45). 
2,4-Dinitrochlorobenzene (DNCB), 2,4-dim'trofluorobenzene (DNFB), 
p icry lch lor ide and 2-ethoxy methylene 5-oxazolone (oxazolone) were the 
favouri te compounds to induce sensit izat ions in the study of the 
fundamentals of delayed hypersensit iv i ty reactions. 
In the systematic investigations of Landsteiner and co-workers (46, 47) 
the importance of route of sens i t iza t ion, of technique of appl icat ion, 
induction concentration and the re lat ion between immunogenicity and 
chemical structure was demonstrated. 
Other invest igators, not primarly interested in the fundamental 
mechanisms of contact sensi t izat ions, were using the results of 
experiments with guinea pigs to predict the sensi t iz ing potential of a 
compound in humans. 
Draize (48, 49, 50) made an important contr ibut ion to th is predict ive 
test ing by standardizing guinea pig experiments for th is purpose. The 
Draize-test was a variant of the classical technique of Landsteiner 
and therefore often referred to as the Landsteiner Draize tes t . The 
sens i t i v i t y of th is method proved to be l imi ted (51 , 37). I t was the 
merit of Magnusson (37), who, af ter a careful examination of the 
factors favouring sensi t izat ion in guinea pigs, developed a new 
standard technique to ident i fy the sensi t iz ing potential of chemical 
compounds; the Guinea Pig Maximization Test (GPMT). 
In the invest igat ion reported in this thesis the GPMT is used as 
described by Magnusson and Kligman with the modif ication of a second 
open challenge at day 35 as proposed by Klecak (52). 
As a second testmethod, the Freund's Complete Adjuvans Test (FCAT) of 
Klecak, Geleick and Frey (51) was used. Both testmethods make use of 
Freund's Complete Adjuvans (FCA) to potentiate the sens i t i za t ion . The 
FCAT is easier to perform than the GPMT. 
I t was not the aim of the invest igat ion to f ind an induction 
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concentration of each acry l ic monomer that would give a maximal 
sensi t izat ion incidence by that monomer in guinea pigs. 
The acry l ic monomers were tested under ident ical circumstances, with 
ident ical intradermal induction concentrations. 
A part of th is invest igat ion was performed at the department of 
Dr. G. Klecak at F. Hoffman-la Roche, Basel. 
Several monomers were tested in both laboratories (Nijmegen and Basel) 
to exclude important experimental differences. 
MATERIALS AND METHODS 
GASCHROMATOGRAPHY 
(E. Seutter, L.P.C. Delbressine, M.M.P. Hendrikx, section of organic 
chemistry, department of dermatology). 
A Hewlett Packard 402 gaschromatograph equipped with a glass column 
of 1,8 m length, 3 mm ID, containing 3% 0V-101 on Gaschrom 
Q 80 - 100 mesh, was used with an AFID, under the fol lowing 
condit ions: in jec t ion block 2400C, detector 300oC, column 70 C, 
isotherm 4 min increasing from 70o-300oC at 7,50/min. Helium carr ier 
flow at 30 ml/min. 
ANIMALS 
A shortage of animals forced us to use two guinea pig s t ra ins . Albino 
female guinea pigs, weighing 350 - 450 g of the Himalayan White 
Spotted outbred s t ra in ( Ins t i t u te for Biomedical Research, 
Fül l insdor f , Switzerland) and the Dunkin Hartley outbred s t ra in 
(Olac L t d . , Bicester, England) were used. They were housed in pairs 
and fed on a pe l le t d i e t , supplemented with water containing vitamin С 
ad l i b i t u m . 
SKIN IRRITATION 
Skin irritation caused by a single open application was determined for 
all the acrylates in FCA pretreated animals (not participating in the 
sensitization procedure). These animals received the same FCA 
pretreatment as the guinea pigs participating in the Guinea Pig 
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Maximization Test (see below). At least 3 weeks af ter th is 
pretreatment the animals were used to determine the skin i r r i t a t i o n . 
On the clipped flank of 8 animals 0,025 ml of the acrylate was 
applied with a pipette in a series of decreasing concentrations, each 
2 
in areas of 2 cm marked with a c i r c u l a r stamp. A mixture of 2 parts 
methyl ethyl ketone and 1 part of arachis o i l by volume, was 
used as a solvent. We cal led that solvent mixture Aramek. 
The reactions were read af ter 24 and 48 h. 
For each acrylate the maximum n o n - i r r i t a t i n g concentration ( т . п . i . e . ) 
was determined. This is the highest concentration not causing a 
macroscopic reaction in any of the animals. 
GUINEA PIG MAXIMIZATION TEST (GPMT) (37) (see table 1) 
Animals 
Experimental group 10 animals 
control group 6 animals 
Induction, day О experimental group 
An area of 4 χ 6 cm was clipped on the shoulder region. Three pairs of 
intradermal injections were made in such a way that there was a row of 
three injections on each side of the midline. The injections were made 
just within the boundaries of the 2 χ 4 cm patch to be applied one 
week later, and consisted of: 
1. 0,1 ml FCA alone (blended with an equal amount of water); 
2. 0,1 ml of the acrylate in arachis oil; 
3. 0,1 ml of the acrylate in FCA (the acrylate was first suspended in 
FCA before an equal volume of water was added), final concentration 
as in 2. 
The injections 1. and 2. were close to each other and nearest to the 
head, injections 3. most caudally. 
Induction, day О control group 
These animals received the same treatment, but the acrylate was 
omitted. 
34 
Day 7, experimental group 
The same area in the shoulder region was shaved with an electric 
razor. The acrylate dissolved in ethanol 80%,in a concentration giving 
a slight to moderate irritation (as determined by the irritation test 
by open application), was applied in an amount of 1 ml on a 2 χ 3 cm 
Whatmann (3 mm) filter paper. The patch was covered by an impermeable 
adhesive tape (Leukopor, Beiersdorf, West Germany). This in turn was 
secured by an elastic bandage (Coban, 3M Co., Minnesota, USA). The 
dressing was left in place for 48 h. Pretreatment with sodium lauryl 
sulfate was not necessary to obtain a moderate irritation. 
Day 7, control group 
The animals were exposed to the vehicle only in the same way as the 
experimental groups. 
Challenge 
day 21 
In both groups the right flank was shaved. The acryl ates dissolved in 
petrolatum, arachis oil or Aramek were applied in an amount of 
0,025 ml. in an aluminium chamber (Finn Chamber, Helsinki, Finland) 
(53), or on Silver patch (produced by v.d. Bend, Brielle, The 
Netherlands) (54). In this investigation a special Silver patch was 
used in which the diameter of the backfoil was 20 mm instead of 30 mm. 
The filterpaper patch was identical. 
The highest concentration tested was the maximum non irritating 
concentration (т.п.i.e.). Two lower concentrations and the vehicle 
were tested too. The bandage was the same as used for the induction 
on day 7. It was left in place for 24 h. After removal of the bandage 
the flank was shaved and three hours later the first reading was made. 
A second reading was made at 48 h. 
day 35 
In both groups the l e f t f lank was shaved. The acrylates, in the same con­
centrat ion and vehicle as on day 21, were applied in an amount of 0,025 ml 
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Table 1 
Table 2 
FREUND'S COMPLETE ADJUVANS TESTFCAT) 
induction 
d a y 0 ^ d a y 9 
и 
experimental group 
intradermal 
every second day 0.1ml 
test material in adjuvant 
blended with equal 
amount of water 
control group 
identical procedure as 
experimental group 
without test material 
challenge 
day 21 day 35 
fe^ CED 
epicutaneous epicutaneous 
open test open test 
— test material two non see day 21 
irritating concentrations 
— vehicle 
identical procedure as 
experimental group 
wifh test material 
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with a pipette in an area of 2 cm , marked with a circular stamp. The 
test sites were left uncovered and read at 24 h. an 48 h. 
FREUND'S COMPLETE ADJUVANS TEST (FCAT) (51, 52) (see table 2) 
Animals 
Experimental group 6-10 animals 
control group 4- б animals 
Induction 
After the acrylate was emulsified in FCA, an equal volume of distilled 
water was added. On day 0, 2, 4, 7 and 9 intradermal injections with 
0,1 ml of this emulsion were given in the shoulder area from the left 
to the right paw. 
Control animals were similarly treated with FCA, blended with an equal 
volume of distilled water. 
Challenge 
All the animals were tested epicutaneously on day 21 (right flank) and 
day 35 (left flank). The procedure was the same as described in the 
section of the open challenge on day 35 of the GPMT. 
RATING OF THE READINGS 
0 = no skin reaction 
0,5 = red spots 
1 = clear confluent redness 
2 = redness plus swelling 
3 = strong redness plus swelling 
DETECTION OF CONCOMITANT SENSTITIZATION TO ADDITIVES 
Animals still sensitized on day 35 were challenged once more on day 49 
epicutaneously with several compounds (see table 6 chapter IV) in a non 
irritating concentration, assessed in the same way as described with 
the acrylics. The procedure was the same as described for the open 
challenge on day 35 of the GPMT. 
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Table 3: 
ATlergenicity rat ing 
Sensit izat ion Rate (%) Grade Class i f icat ion 
0 - 8 I Weak 
9 - 2 8 I I Mild 
2 9 - 6 4 I I I Moderate 
65 - 80 IV Strong 
81 - 100 V Extreme 
Grading of Guinea Pig Maximization Test according to 
Magnussen and Kligman (37) 
Table 4: 
Percentage of sensitized animals (%) Grading 
0 - 2 4 I 
2 5 - 7 4 II 
75 - 100 III 
Grading of incidence of sensitization chosen according 
to the percentage of sensitized animals in the 
experimental group of the Freund's Complete Adjuvans 
Test 
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CRITERIA FOR SENSITIZATION 
An animal was considered to be sensitized if it showed at least a 
reaction with a clear confluent redness (rating 1) in the challenge at 
a concentration at which none of the control animals nor the animals 
used in the irritation test (this in case of an open challenge) had 
shown any reaction. 
Differences in the challenge results between day 21 and day 35 were 
evaluated with a third challenge on day 49. In the case of doubtful 
results the GPMT or the FCAT was repeated. 
GRADING CLASSIFICATION OF SENSITIZING POTENTIAL 
The results of the GPMT are given as the number of sensitized animals 
in proportion to the total number of animals in the experimental group. 
These results were graded according to the classification of Magnusson 
(37) (table 3). The results of the day 35 challenge were used for 
grading. 
For the grading of the FCAT two indepent parameters were used. 
First the incidence of sensitized animals was graded on a scale from 
I to III according to the classification mentioned in table 4. Second 
the intensity of the challenge reactions to the maximum non irritating 
concentration of the sensitized animals was expressed as an 'average' 
of the readings scored for the maximum non irritating concentration on 
the day 21 challenge. Because the readings were made on an arbitrarily 
chosen ordered classification scale (0, 0,5, 1, 2, 3) the median value 
for this 'average' reading was used. If there was a difference between 
the median value of the readings at 24 h. or 48 h., the highest value 
was chosen. For grading the challenge results of day 21 were used. The 
median value is defined as that reading score (for the maximum non 
irritating concentration) of the sensitized animals that divides the 
sum of the readings into 50% lower or equal to it and 50% higher or 
equal to it (for example, in the case of 7 sensitized animals with the 
following readings for the т . п . i . e . 1 - 1 - 1 - 1 - 1 - 2 - 3 , the 
median value is 1, in the following case with 4 animals 2 - 2 - 3 - 3 , 
the median value is 2,5) (for grading see also discussion chapter V). 
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Figure 1 Shaving apparatus 
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SHAVING APPARATUS (figure 1) 
In the animal laboratories an important reduction of the pol lut ion 
with clipped guinea pig hairs (a well-known sensit izer) was achieved, 
by using a shaving apparatus in combination with a vacuum cleaner. On 
top of the shaver the mouthpiece of the vacuum cleaner was mounted. In 
practice th is construction did not impare the shaving procedure, the 
animals were used to i t very quickly and i t prevented the research 
workers from an overexposure to guinea pig hairs and scales. 
TRANSPORTABLE FUMEHOOD (figure 2) 
The performance of the FCAT and the GPMT required the cooperation of 
two research workers to handle the guinea pigs at some stages of the 
test procedure. To prevent these workers from rather long term 
exposures to low concentrations of vapours of acrylic monomers, a 
fumehood was designed to enable two workers to handle the guinea pigs. 
For this purpose the fumehood was provided with a wide front entrance 
and two back entrances. 
The latter two when introducing an arm were airsealed to prevent 
turbulence of the airstream in the fumehood. 
A filter system made the fumehood independent of fixed connections and 
enabled it's usage throughout the animal laboratory. 
The filter system was a P.V. Captair coal filter system,type 
30.000 С (Captair, Rouen, France). 
FILTER MASK 
During short term research activities in vapours with low 
concentrations of acrylic monomers, a filter mask was worn; 
3M Spray Paint Respirator type 8711, weight 56 gram (3M Co, 
Minnesota, USA). 
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Figure 2 Transportable fumehood 
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CHAPTER IV 
SENSITIZING POTENTIAL OF 14 MONO(METH)ACRYLATES 
H.B. van der Walle, G. Klecak, H. Geleick, T. Bensink 
Chapter IV was accepted for publication in Contact Dermatitis 
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INTRODUCTION 
The number of d i f f e r e n t acry l ic monomers, and the variety of t h e i r 
commercial applications has vast ly increased. Contact sensi t izat ion is 
the best known side e f f e c t of these monomers and many publications 
deal with th is problem. 
Sensit izat ion to methyl methacrylate is reported in many 
publications (see also chapter I ) . Contact sensit izat ions were 
demonstrated in workers using acry l ic sealants (12, 55, 56) in 
demonstrators and recipients of acry l ic nails (13, 15, 8) in 
orthopedic patients and surgeons by acry l ic bone cement (19, 20, 21) 
in d e n t i s t s , dental technicians and pat ients, from manufacturing or 
wearing acry l ic dentures ( 1 1 , 38, 18), in patients using a hearing aid 
(22) and in volunteers exposed to th is monomer (16, 17). 
Sensitizations to other mono(meth)acrylates were also reported. 
Maibach (23) demonstrated sensit izations to ethyl and n-butyl 
methacrylate in workers using an acry l ic paint. These acrylates also 
sensitized persons using an a r t i f i c i a l nai l preparation (24). In a 
photopolymer p r i n t i n g plate manufacturing procedure workers were 
sensitized to 2-hydroxyethyl methacrylate (25). This was also the 
al lergen in a new type of t issue embedding material that sensitized a 
laboratory technician (26). 
In a human maximization test 10 of 24 volunteers were sensitized 
to ethyl acrylate (6) . This was also the allergen in an acry l ic window 
sealant ( 7 ) . 
Goldman (9) reported sensit izations to η-butyl acry late, and 
Jordan (10) showed that ethylhexyl acrylate was the al lergen in cases 
of sensit izat ions to an acry l ic based, medically used, adhesive. From 
a l l these publications i t is clear that (some) mono(meth)acrylates are 
sensi t izers, but i t is uncertain i f there is a difference in 
sensi t iz ing potential among these monomers. The number of reported 
sensit izat ions to several of these monomers may correlate better with 
the amount used and the d i f f e r e n t ways of appl icat ion of a part icu lar 
monomer, than with a (possible) difference in sensi t iz ing p o t e n t i a l . 
In only a few cases possible (concomitant) sensit izat ions to additives 
( c a t a l y s t s , i n h i b i t o r s ) were investigated (56, 19). The importance of 
these addi t ives, with respect to the sensi t iz ing potential of the 
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investigated mixture (monomer + additives), remained uncertain, 
especially because most of the acrylates used for patch testing were 
of unknown purity. 
MATERIALS AND METHODS 
CHEMICALS 
Chemicals were obtained from BDH Chemicals Ltd. (Poole, England) 
(no.2), Koch-Light Laboratories Ltd. (Colnbrook, England) (no.33), 
E. Merck A.G. (Darmstadt, Germany) (no.4, 31b, 32, 37, acrylic and 
methacrylic acid), Polyscience Inc. (Warrington, USA) (no.10b, 30, 34, 
36), UCB (Drogenbos, Belgium) (no. 7), or Schering (USA) (no. 31a). 
No.8, 9, 10a, 35a, 35b, were synthesized at the section of organic 
chemistry of the department of dermatology (Nijmegen) (E. Seutter, 
M.M.P. Hendrikx). Freund's Complete Adjuvant (FCA) was obtained from 
Difco Lab (USA). Concentrations are given in mol/l (M), see table 1. 
RESULTS 
PURITY 
Analytical data, determined gas-chromatographically for a l l samples, 
are given in table 1. 
INDUCTION CONCENTRATION 
Four acrylates were tested in different induction concentrations. The 
results are shown in table 2. Based on these results the 0,5M 
concentration was preferred for intradermal induction. 
Diethylene glycol dimethacrylate (mentioned in table 2) is part of 
a second group of acrylates that were investigated (chapter V). 
VEHICLE 
In several challenges we compared the effectivity of petrolatum, 
prachis oil and Aramek as a vehicle for the acrylates. None of them was 
45 
Table 1: Acrylic monomers used in this investigation 
О 
CH2=CH-C-0-R 
code acryl ate mol.w. purity m.n.i.c *3 
D.H. H.S *4 
calculation in w/w% 
0,5M 
*1 
σι 
2 ethyl 
4 n-butyl 
7 t-butyl 
8 n-pentyl 
9 neopentyl 
10a n-hexyl 
10b n-hexyl 
code methacrylate 
31a methyl 
31b methyl 
100 >99% 3M 0,3M 
128 >99% 3M 0,1M 
128 >99% 
142 >99% 
156 83% 
156 >99% 
und.*6 0,3M 
3M 0,1M 
142 >99% 3M 0,1M 
*2 
IM 0,1M 
IM n.t. 
100 *5 3M-und. n.t. 
100 >99% 3M-und. n.t. 
+ 6% 
+ 7% 
+ 7% 
+ 9% 
+ 9% 
+ 6% 
+ 6% 
-сн2-сн3 
-СНл~СН«*СНр~СН^ 
CH, 
-Ç-CH3 
CH3 
-СНл-СНр-СН«-СН«-Сп^ 
CH, 
I 3 
"СН^С-СН-э 
¿Нз 
-CHn-CHo^CHrt-CHn-CHrt-CnQ 
СНэО 
I II 
CH2=C-C-0-R 
-CH, 
Table 1 continued 
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33 
30 
34 
35a 
35b 
36 
37 
ethyl 
η-butyl 
t-butyl 
n-pentyl 
neopentyl 
neopentyl 
n-hexyl 
2-hydroxyethyl 
114 
142 
142 
156 
156 
156 
170 
130 
98% 
>99% 
>99% 
>99% 
>99% 
>99% 
97% 
>99% 
3M-und. 
3M-und. 
und. 
3M 
ЗМ-und. 
ЗМ-und. 
3M 
3M 
η.t. 
η.t. 
η.t. 
IM 
und. 
η.t. 
0,3M 
п.t. 
+ 6% 
+ 8% 
+ 8% 
+ 9% 
+ 9% 
+ 9% 
+10% 
+ 7% 
-сн2-сн3 
-¿-СНз 
Сн3 
-сн2-сн2-сн2-сн2-сн3 
ÇH3 
-сн2-с-сн3 
¿н3 
-сн2-сн2-сн2-сн2-сн2-сн3 
-сн2-сн2 
xi 
ш2 
For each monomer the w/w percentage comparable with 0,5M was calculated. Calculations were made 
with a density of 0,9 for mono(meth)acrylates and the mixture of 2 parts methyl ethyl ketone 
with 1 part arachis oil (Aramek) v/v 
contained 16% hexanol 
S3 
s4 
s5 
z6 
maximum non-irritating concentration 
D.H. = Dunkln Hartley, H.S. = Himalayan White Spotted strain of guinea pigs 
contained 1.1% dimethyl p-toluidine, which intervened with an exact estimation of purity 
und. = undiluted 
Table 2: The influence of the intradermal induction concentration on the incidence of sensi t i -
zation in the Guinea Pig Maximization Test and the Freund's Complete Adjuvant Test 
code tes t induction results 
00 
31b methyl methacrylate 
32 ethyl methacrylate 
FCAT 
GPMT 
35a neopentyl methacrylate GPMT 
46 diethylene glycol dimethacrylate GPMT 
5x0, 
5x1, 
day 0 
0,17M 
0,50M 
l.SOM 
0,17M 
0,50M 
l.SOM 
0,17M 
0,50M 
1,50M 
IM 
OM 
day 7 
IM 
IM 
IM 
3M 
3M 
3M 
3M 
3M 
3M 
day 21 
2/6 
4/6 
0/10 
0/10 
1/10 
0/10 
8/10 
2/10 
0/8 
1/8 
0/8 
day 35 
2/6 
2/6 
0/10 
1/10 
1/10 
8/10 
10/10 
7/10 
0/8 
1/8 
0/8 
superior. Aramek was preferred, it is easy to handle, the amount can 
be applied precisely and it has good adherence to the guinea pig skin. 
OPEN VERSUS CLOSED-PATCH CHALLENGE 
In the FCAT we compared open with closed patch challenges for several 
(more volatile) acrylates. No important differences were observed. 
GUINEA PIG STRAINS 
A possible difference in susceptibility to sensitization between the 
two guinea pig strains was investigated with 3 acrylic monomers. The 
results are shown in table 3. There is no difference in incidence of 
sensitization to these monomers between the two strains. 
COMPARISON OF TESTRESULTS OF BOTH LABORATORIES 
Two acrylates were tested in both laboratories. See table 4. No 
important difference was observed. 
IRRITATION 
The values of the maximum non-irritating concentration as estimated 
with the open application method in both strains of guinea pigs are 
given in table 1. From these results it can be seen that the guinea 
pigs of the Himalayan-strain, in general, are more suspectible to 
irritation caused by the acrylic monomers than the guinea pigs from 
the Dunkin-Hartley strain. 
All acrylates in the concentration as used (table 5) in the 
closed patch induction of day 7 caused slight to moderate irritation. 
ALLERGENICIТУ IN THE GPMT 
The sensitizing potential of mono(meth)acrylates varies from negative 
to very strong. 
Ethyl acryl ate, t-butyl, n-pentyl and n-hexyl methacrylate, 
appeared to be non-sensitizers. For neopentyl methacrylate, neopentyl 
and η-butyl acrylate the challenge on day 21 may be considered as a 
third stage in the induction, causing more sensitizations in the 
challenge on day 35 (a third challenge on day 49 showed the same 
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Table 3: Comparison of the Guinea Pig Maximization Test results 
between the Himalayan White Spotted (H.S.) and the Dunkin 
Hartley (D.H.) guinea pigs 
code strain induction results 
day 0 day 7 day 21 day 35 
9 neopentyl acrylate H.S. 0,5M IM 1/11 
D.H. 0,5M IM 1/10 
35a neopentyl methacrylate H.S. 0,5M 3M 9/10 
D.H. O.SM 3M 10/10 
46 diethylene glycol dimethacrylate H.S. 0,5M und. 1/10 
D.H. 0,5м ЗМ 1/8 
Table 4: Comparison of the Guinea Pig Maximization Test (GPMT) results 
of the two involved laboratories 
code induction number of sensitized animals 
day 0 day 7 Nijmegen Basel 
4 n-butyl acrylate 0,5M IM 7/10 6/9 2 ' 
7 t-buty l acrylate 0,5M 3M 4/10 6/10 
results of the GPMT day 35 
one animal died 
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result as the challenge on day 35). 
ALLERGENICITY IN THE FCAT 
In the test a l l monoacrylates,without exception, are moderate to 
strong sensi t izers, grading c l a s s i f i c a t i o n I I - l to I I I - 2 (table 5). 
N-butyl, t-butyl,and n-pentyl methacrylate are non-sensitizers in th is 
t e s t . The remaining methacrylates (except neopentyl methacrylate a) 
can be c l a s s i f i e d as grade 1-1 to I I-3 sensi t izers. The two samples of 
neopentyl methacrylate show a s t r i k i n g difference in sensit iz ing 
p o t e n t i a l . Animals sensitized to sample a, did not react to sample b. 
For e t h y l , η-butyl and n-pentyl acrylate there is a s l i g h t 
difference in the number of sensitized animals in the two challenges. 
In the case of 2-hydroxyethyl methacrylate, a l l animals posit ive on 
day 21 were negative on day 35! This phenomenon was also observed with 
some di(meth)acrylates and w i l l be discussed in chapter V. 
COMPARISON OF THE GPMT AND THE FCAT 
The results of t-butyl and n-pentyl methacrylate were negative in both 
t e s t s , n-hexyl methacrylate and ethyl acrylate were only posit ive in 
the FCAT, η-butyl methacrylate was only posit ive in the GPMT. In the 
FCAT the number of sensitized animals is in general higher than in the 
GPMT. 
CONCOMITANT SENSITIZATION 
In several FCAT's the substances mentioned in table 6 were tested in 
sensitized animals. Positive reactions to acry l ic or methacrylic a c i d , 
alcohols or traces of other substances used in synthesis were never 
observed. Positive reactions to the i n h i b i t o r s hydroquinone and 
p-methoxyphenol occurred. These two substances were tested rout inely 
in a l l the animals sensitized in the FCAT. In 9 of the 16 l i s t e d 
FCAT's (see table 6) one or more of the animals appeared to be 
sensitized to hydroquinone or p-methoxyphenol. These co-sensit izations 
w i l l be discussed in chapter V I I . 
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Table 5: Sensitizing potential of mono(meth)acrylates in the Guinea Pig Maximization Test 
and the Freund's Complete Adjuvant Test. 
Guinea Pig Maximization Test Freund's Complete Adjuvant Test 
code acryl ate Induction Challenge Grading 3) Induction Grading 4) 
day 0 day 7 day 21 day 35 day 0 - 9 day 21 day 35 
2 ethyl 
4 n-butyl 
7 t-butyl 
8 n-pentyl 
9 neopentyl 
10a n-hexyl 
10b n-hexyl 
0,5M 
0,5M 
0,5M 
0,5M 
0,5M 
0,5M 
2M 
IM 
3M 
IM 
IM 
IM 
0/8 
7/10 
4/10 
5/10 
0/10 
3/10 
0/8 
7/10 
4/10 
5/10 
1/10 
3/10 
I 
IV 
III 
III 
II 
III 
5 χ 0,5M 
5 χ 0,5M 
5 χ 0,5M 
5 χ 0,5M 
5 χ 0,5M 
5 χ 0,5M 
5 χ 0,5M 
7/8 
8/8 
4/8 
8/8 
8/8 
5/8 
8/8 
7/8 
7/8 
4/8 
7/8 
8/8 
5/8 
8/8 
III 
III 
II 
III 
III 
II 
III 
- 1 
- 1 
- 2 
- 2 
- 1 
- 2 
- 2 
code methacrylate 
31a methyl 
31b methyl 
31b methyl 
32 ethyl 
33 n-butyl 
0,5M 
0,5M 
0,5M 
0,5M 
IM 
und.1) 
IM 
IM 
2/10 
3/10 
1/10 
0/10 
2/102) 
3/102) 
1/10 
2/10 
II 
III 
II 
II 
5 χ 0,5M 
5 χ 0,5M 
5 χ 0,5M 
2/8 
2/6 
0/8 
2/8 
2/6 
0/8 
II - 1 
II - 1 
I - 0 
Table 5 continued 
5 χ 0,5Μ 
5 χ 0,5Μ 
5 χ 0,5Μ 
5 χ 0,5Μ 
5 χ 0,5Μ 
5 χ 0,5Μ 
0/8 
0/8 
8/8 
1/8 
3/8 
4/8 
0/8 
0/8 
8/8 
1/8 
3/8 
0/8 
I 
I 
III 
I 
II 
II 
- 0 
- 0 
- 2 
- 1 
- 3 
- 2 
und. = undi luted 
2) ¡л D.H. - strain, all other animals in GPUT H.S. - strain. 
FCAT D.H. - strain only 
according to Magnussen (37) 
4) 
see chapter III 
30 t-butyl 0,5M 
34 n-pentyl 0,5M 
35a neopentyl 0,5M 
35b neopentyl 
36 n-hexyl 0,5M 
37 2-hydroxyethyl 
IM 0/10 0/10 I 
3M 0/10 0/10 I 
3M 8/10 10/102) V 
3M 0/10 0/10 I 
ALLERGENICITY OF ACRYLIC AND METHACRYLIC ACID 
Positive reactions to (meth)acrylic acid were never observed in 
animals sensit ized to acry l ic monomers, as stated above. Separate 
FCAT's were performed with these two acids using 0,5M concentration 
for induction. 
Methacrylic acid caused no sens i t izat ion. 
The sample of acry l ic acid sensitized 8/8 animals! However, th is 
sample and a newly ordered second sample from the same manufacturer 
contained an impurity of 45% (gas Chromatograph)! The sample of 
acry l ic acid was d i s t i l l e d in vacuo and the sensit ized animals were 
tested with the d i s t i l l a t e (containing >98% acry l ic acid) and with the 
residue. None of the animals reacted to the d i s t i l l a t e but a l l the 
animals reacted to the residue. The ident i ty of the allergen in th is 
residue is under current invest igat ion. Both samples were marketed as 
being pure (>98%)! 
Table 6: Compounds tested in animals sensitized to mono(meth)-
acrylates. The number of FCAT's is indicated, in which one or 
more of the animals showed posi t ive reactions. 
acry l ic acid 
methacrylic acid 
methanol 
ethanol 
butanol 
neopentanol 
hexanol 
hydroquinone 7 
p-methoxyphenol 2 
n.n.dimethylp. to lu id ine 
tri ethyl ami ne 
toluenesulfonie acid 
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DISCUSSION 
Sensitization experiments in guinea pigs with (meth)acrylates were 
reported earlier. Magnussen (73) performed GPMT's with two samples of 
methacrylates of unknown purity and identity. Brand A sensitized 3/20 
animals. Brand В none. Methyl methacrylate was tested in a GPMT by 
Nyquist en Magnussen (38) 20 of 26 animals were sensitized, using 5% 
for intradermal and 100% for epicutaneous induction. Magnussen and 
Kligman (37) used 5% for both the inductions at day 0 and day 7 and 
sensitized 21 of 25 animals to methyl methacrylate. The results of 
these two tests are almost equal although the epicutaneous induction 
concentration on day 7 differed considerably: 5 and 100%. This is in 
accordance with our experiences and suggests that the induction 
concentration on day 7 is not so important for this monomer. 
The sensitization incidence of methyl methacrylate reported by 
Magnussen and Nyquist is much higher than the one we found, although 
the intradermal induction concentration was approximately equal . 
Perhaps the difference in animal strain is an important factor, or the 
purity of the methyl methacrylate sample, which is not mentioned in 
the reports of Magnusson and Nyquist. It is remarkable that in the 
study by Nyquist 5% methyl methacrylate was dissolved in water. 
According to Schildknecht (57) the solubility in water of methyl 
methacrylate is 1,58% at 20oC. This may point to a possible 
difference in purity between their samples and ours. 
Chung and Giles (39) investigated the sensitizing potential of 
methyl, ethyl and η-butyl methacrylate. They used 5 different 
intradermal and epicutaneous induction procedures in FCA pretreated 
guinea pigs. It is not clear whether they used open or closed patch 
induction. In some experimental groups 100% of the animals were 
sensitized to these 3 methacrylates. Even after one epicutaneous 
application of a 3,9% (0,2 ml) solution of methyl methacrylate in 95% 
ethanol, all animals were sensitized. It is astounding that the authors 
obtained positive challenges only if olive oil was used as a vehicle. 
The challenges were negative when 95% ethanol was used (the same 
vehicle they used in the epicutaneous induction!). 
Kligman (58) developed a procedure for identifying and grading 
contact sensitizers by the human maximization test. 
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In relation to the percentage (incidence) of sensitized humans, 
contact sensitizers were graded into five classes from grade I (weak) 
to grade V (extreme). Magnussen and Kligman (37) introduced this 
classification to grade results of the guinea pig maximization test. 
Sensitization experiments in animals are, in general, performed with 
guinea pigs of outbred strains. The incidence and the degree of 
sensitizations in these strains,however, is not only determined by the 
sensitizing potential of a certain compound but also by the (unknown) 
genetic disposition of the guinea pig. This influence of genetic 
differences on the incidence and the degree of hypersensitivity 
reactions to simple chemical compounds was demonstrated by several 
investigators (see for a review Polak and Turk (59)). 
We are not questioning the importance of the incidence of 
sensitizations as a parameter of the sensitizing potential of a 
compound, but with respect to the (possible) genetic influences on 
this incidence, we propose to use the intensity of the challenge 
reaction to the maximum non-irritating concentration as a second 
parameter. Although we realize that the intensity of a challenge 
reaction is not only caused by the degree of sensitization of the 
animal, but also by physico-chemical properties of the compound (for 
example, penetration rate), this second parameter may supply useful 
additional information about the sensitizing potential of a compound. 
n-Hexyl methacrylate, for example, is a moderate sensitizer according 
to the incidence of sensitizations, but the sensitized animals reacted 
very strongly to the maximum non-irritating concentration, which fact 
may indicate that n-hexyl methacrylate is possibly a stronger 
sensitizer than is suggested by the incidence only. 
At present there are no comparative studies between guinea pigs 
and humans to substantiate our proposal, but future work may evaluate 
the usefulness of this second parameter in predictive testing of 
contact allergens. 
In this investigation there is no indication that the structure of 
the alkyl group in the ester influences the sensitizing potential of 
mono(meth)acryl ates. The data obtained suggest that with the 
introduction of a methyl group at the a carbon atom (chapter I) there 
is a decrease in sensitizing potential. The striking difference in the 
sensitizing potential of the two samples (a and b) of neopentyl 
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methacrylate was accentuated by the finding that none of the animals 
sensitized to sample a, reacted to sample Ы This suggests a strong 
allergen in sample a, which is possibly due to a difference in 
synthesis used for these samples. The identity of this allergen is 
under current investigation. For the time being the sensitizing 
potential of neopentyl methacrylate is uncertain. 
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CHAPTER V 
SENSITIZING POTENTIAL OF 12 DI(METH)ACRYLATES 
H.B. van der Walle, Th. Waegemaekers, T. Bensink 
Chapter V was accepted for publication in Contact Dermatitis 
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INTRODUCTION 
Di(meth)acryl ates are widely used in today's polymertechnology, in 
particular as crosslinkers. The crosslinking of large unsaturated 
backbone molecules, initiated for example by electron beam or 
ultraviolet irradiation, is the background of quick drying inks and 
paints and new photopolymer plate manufacturing procedures. In 
addition to di(meth)acrylates, various types of triacrylates are 
used (27, 60). In several case reports the sensitizing and irritant 
potentials of some of these acrylic monomers were described. However, 
in none the purity of the investigated monomer was mentioned. Six 
workers employed in the manufacturing of ultraviolet curing inks were 
sensitized to 1,6-hexanediol diacrylate (HDODA) (27). Some of them 
were also sensitized to pentaerythritol triacrylate (PETA) and 
trimethylol propane triacrylate (TMPTA). The workers were exposed to 
each of the materials. 
Nethercott (2) observed sensitizations to PETA and TPMTA in 
workers in a similar plant. Although HDODA was one of the constituents 
of the inks that were produced in the plant, sensitizations to this 
monomer were not observed. 
During a 4 years observation period in the paint department of a 
door factory. Malten (5, 61) did not observe sensitizations to 
1,6-hexanediol diacrylate. In a photo-polymer printing plate 
manufacturing procedure workers were sensitized to di-and 
tetraethylene glycol dimethacrylate (25). Beurey (1) reported the 
strong irritant potential of tetraethylene glycol diacrylate and 
1,2-ethanediol diacrylate in his investigation of skin problems in 
workers engaged in a new printing plate manufacturing procedure. 
The strong irritant potential of diacrylates was also reported by 
Malten (5) who emphasized the peculiar type of irritation caused by 
these monomers, described by him as 'delayed irritation'. 
These clinical data together with the increasing applications of 
acrylic monomers in polymer technology and the paucity of systematic 
experimental data concerning the sensitizing potential of di(meth)-
acrylates, initiated this study. 
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Table 1: Median values of i r r i t a n t reactions to decreasing 
concentrations of three diacrylates (estimated in 
8, FCA pretreated, animals: Dunkin Hartley strain) 
1M 0.3M 0.1M 003M 
24-48h. 24-48h. 24-48h 24-48K 
20] I — 
> 
с 
η 
1 LO _ г - ^ _ 
E 
05- |— 
1,4butanediol diacrylate 
20-
15- , _ . 
LO — ι 
05- r-r-1 
neopentanediol diacrylate 
201 r-
1.5- — i 
^o• r-i— 
0.5-
diethylene glycol diacrylate 
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MATERIALS AND METHODS 
CHEMICALS 
Chemicals were obtained from E. Merck A.G. (Darmstadt, W. Germany) 
(no.22a, 22b, 41) Polyscience Inc. (Warrington, USA) (no.21a, 23, 25b, 
26, 42a, 43b, 44a-b, 45, 46) and U.C.B. (Drogenbos, Belgium) (no.42b). 
No.21c, 22c, 24, 25a, 43a were synthesized at the section of organic 
chemistry of the department of dermatology (E. Seutter, 
M.M.P. Hendrikx). All acrylic monomers are coded, see table 2. 
Freund's Complete Adjuvans (FCA) was obtained from Difco Lab. 
(Detroit, USA). 
PREPARATIVE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 
(Department of organic chemistry, F.L.M. Smeets, L.P.C. Delbressine). 
Monomers which contained more than S% impurities were purified by 
preparative High Performance Liquid Chromatography (HPLC), (except 
no.21a, 26, 42b, 44b). 
RESULTS 
PURITY 
Analytical data determined gas-chromatographically f o r a l l samples are 
given in table 2. 
SKIN IRRITATION 
Values of the maximum n o n - i r r i t a t i n g concentration ( т . п . i . e . ) 
estimated with the open appl icat ion method are given in table 2. 
Diacrylates appeared to be strong i r r i t a n t s on the guinea pig s k i n , 
with a very low т . п . i . e . l e v e l . They display a sharp boundary between 
i r r i t a n t and n o n - i r r i t a n t concentrations. This is i l l u s t r a t e d in 
table 1 for three d iacry lates. Dimethacrylates are weak i r r i t a n t s on 
the guinea pig skin (table 2 ) . 
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Table 2: Acryl ic monomers used in t h i s invest igat ion and t h e i r maximum n o n - i r r i t a t i n g 
concentration determined in guinea pigs 
О О 
CH2=CH-C-0-R-0-C-CH=CH2 
«4 
code diacrylate mol.w. purity т.п.i.e. calculation in 
D.H. H.S.*3 w/w% of 0,5M*2 
21a 
21c 
22a 
22b 
22c 
23 
24 
25a 
25b 
26 
1,2-ethanediol 
1,2-ethanediol 
1,4-butanediol 
1,4-butanediol 
1,4-butanediol 
neopentanediol 
1,5-pentanediol 
1,6-hexanediol 
1,6-hexanediol 
diethylene glycol 
170 
170 
198 
198 
198 
212 
212 
226 
226 
214 
87% 
86*1->-98% 
98% 
95% 
80* 1->-98% 
97% 
96% 
54*^95% 
96% 
89% 
0,03M 
n.t. 
О.ОЗМ 
0,03M 
n.t. 
0,1M 
О.ОЗМ 
n.t. 
О.ОЗМ 
Ο,ΙΜ 
n.t.*5 
О.ОЗМ 
n.t. 
n.t. 
О.ОЗМ 
О.ОЗМ 
О.ОЗМ 
O.OIM 
n.t. 
Ο,ΟΙΜ 
+ 9% 
+ 9% 
+ 11% 
g b 8 % О.ОЗМ + 11% 
+ 11% 
+ 12% 
-сн2 
-сн2 
-сн2 
-сн2-
-сн2-сн2-
C H 3 
-<¡-CH 2-
C H3 
-сн2-
+ 12% -сн2-сн2-сн2-сн2-сн2-
+ 13% -сн2-сн2-сн2-сн2-сн2-сн2· 
+ 13% 
+ 12% -сн2-сн2-о-сн2-сн2-
Table 2 continued 
code dimethacrylate 
CH3O 0 СНз 
ι и и ι 
C H 2 = C - C - 0 - R - 0 - C - C =CH2 
41 
42a 
42b 
43a 
43b 
44a 
44b 
45 
46 
1,2-ethanediol 
1,4-butanediol 
1,4-butanediol 
1,5-pentanediol 
1,5-pentanediol 
neopentanediol 
neopentanediol 
1,6-hexanediol 
di ethyl ene glycol 
198 
226 
226 
240 
240 
240 
240 
254 
242 
78 xl 
95% 
97% 
72% 
•96% 
96% 
97% 
98,5% 
97% 
95% 
3M 
3M 
3M 
η.t. 
IM 
η.t. 
ЗМ 
IM 
ЗМ 
ЗМ 
IM 
n.t 
IM 
IM 
IM 
n.t 
IM 
IM 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
11* 
13% 
13% 
13% 
13% 
13% 
13% 
14% 
13% 
-сн2-сн2-
-СНр~СНл-СНр~СНо" 
-СНл-СНр^Нп-СНл-СН«-
I 3 
2 ι 2 
СНз 
"СНр-СН«-СНл~СНл~СНя-СНя• 
-сн2-сн2-о-сн2-сн2-
s3 
»4 
»5 
purity prior to purification with prep. HPLC 
for each monomer the w/w percentage comparable with 0,5M was calculated. Calculations were made with 
a density of 0,9 for di(meth)acrylates and the mixture of 2 parts methyl ethyl ketone and 1 part 
arachis oil (Aramek) v/v 
D.H. = Dunkin Hartley, H.S. = Himalayan White Spotted guinea pigs 
т.п.i.e. = maximum non-irritating concentration, vehicle = 'Aramek' 
n.t. = not tested 
Table 3: Sensit iz ing potential of di (meth) acryl ates in the Guinea Pig Maximization Test and the 
Freund's Complete Adjuvans Test 
code dimethacrylate 
41 1,2-ethanediol 
42a 1,4-butanediol 
42b 1,4-butanediol 
43a 1,5-pentanediol 
43b 1,5-pentanediol 
44a neopentanediol 
44b neopentanediol 
45 1,6-hexanediol 
46 diethylene glycol 
code di acryl ate 
21a 1,2-ethanediol 
21c 1,2-ethanediol 
Guinea Ρ 
induction 
day 0 
0,5M 
0,5M 
0,5M 
0,5M 
0,5M 
0,5M 
0,5M 
0,5M 
day 7 
und.*7 
und. 
IM 
IM 
und. 
und. 
und. 
0,1M 
ig Maxi mi za ti or 
chalí 
day 21 
0/10 
0/10 
8/9 
1/10 
0/10 
0/10 
1/10 
0/10 
enge 
day 35 
0/10 
2/10 
8/9*1 
3/10*2 
1/10 
3/10 
1/10 
0/10 
ι Test 
grading* 
I 
II 
V 
III 
II 
III 
II 
I 
Freund's 
induction 
day 0->-9 
0,5 
0,5 
0,5 
0,5 
0,5 
0,5 
0,5 
day 
6/8 
8/8 
6/7 
4/8 
4/8 
6/8 
1/8 
Complete Adjuvans 
chall 
21 
enge 
day 35 
3/8 
5/8 
3/7 
3/8 
6/8 
4/8 
2/8 
Test 
grading* 
III - 2 
III - 2 
III - 2 
II - 2 
II - 2 
III - 2 
I - 2 
22a 1,4-butanediol 
22b 1,4-butanediol 
0,5 1/7(2/10) 0/7(1/10) 
0,5 5/8(1/10) 0/8(0/10) II 
2*5*6 
,»5*6 
Table 3 continued 
22c 1,4-butanediol 
23 neopentanediol 
24 1,5-pentanediol 
25a 1,6-hexanediol 
25b 1,6-hexanediol 
26 diethyl ene glycol 
0,5M 
0,5М 
0,5М 
0,5М 
0,5М 
0,1М 
о.ім 
0,1М 
IM 
IM 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
I 
I 
I 
I 
I 
0,5 
0,5 
0,5 
0,5 
2/8(5/8) 3/8(2/8) II 
3/8(0/8) 0/8(1/8) II 
,*5*6 
,»5*6 
4/8(3/10) 3/8(1/10) II - 2 
0/10(0/8) 0/10(0/8) I 
*5 
,*5 
s2 
1 animal died 
Dunkin Hartley strain guinea pigs. All other animals in the GPMT Himalayan White spotted 
strain. Animals in the FCAT Dunkln Hartley strain 
»3 
according to Magnussen (37) 
see chapter III 
x5 
S6 
second FCAT with less decreasing challenge concentrations, represented in parenthesis 
FCAT's with unusual challenge reactions 
z7 und. = undiluted 
DIMETHACRYLATES 
Allergenicity in the GPMT, table 3 
Six monomers were tested in the GPMT. 
Sensitizations to 1,2-ethanediol dimethacrylate were not observed. 
The remaining monomers were sensit izers in the GPMT. Sample a of 
1,5-pentanediol dimethacrylate was c lass i f ied as a grade V sensi t izer , 
the others as grade I I - I I I . 
In several GPMT's (with 42a, 43b, 44a, 45) the number of posit ive 
animals in the challenge at day 35 was higher than in the challenge at 
day 21. The results of the challenge at day 35 were confirmed by a 
th i rd challenge at day 49. 
Allergenicity in the FCAT, table 3 
Five monomers were invest igated. 1,5-Pentanediol dimethacrylate had 
run out of stock and could not be tested in the FCAT. 
In each FCAT sensit izat ions were observed. The sensi t iz ing 
potential was graded from I I - 2 to I I I - 2. In the test with 
1,6-hexanediol dimethacrylate the number of posi t ive animals was 
higher in the challenge at day 35 than in the challenge of day 21. In 
contrast to t h i s , in a l l other FCAT's, a decrease in the number of 
posit ive animals was observed at day 35 compared with day 21. A th i rd 
challenge at day 49 showed the same reaction pattern as on day 35. 
DIACRYLATES 
Allergenicity in the GPMT, table 3 
Six monomers were tested. No sensitizations were observed. In nearly 
all these tests, however, one or more of the animals in the experimental 
groups showed weak reactions in the challenges (less than grade 1). 
These reactions could not be interpreted as clear sensitizations, nor 
could these reactions be reproduced in a third (day 49) or fourth 
(day 63) challenge. 
Allergenic i ty in the FCAT, table 3 
Six monomers were investigated. With 1,2-ethanediol diacrylate only 
one FCAT was done. With the remaining monomers, two separate FCAT's 
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were performed. The results of the second FCAT's are represented in 
parenthesis. In a l l FCAT's the induction procedure was i d e n t i c a l , but 
in the challenges of the second FCAT's, a series with less steeply 
decreasing concentrations was used (0,03M - 0,02M - Ο,ΟΙΜ, instead of 
0,03M - Ο,ΟΙΜ - О.ООЗМ). 
Diethylene glycol diacrylate caused no sensit izations in the two 
FCAT's. 1,2-Ethanediol diacrylate and 1,6-hexanediol diacrylate 
sensitized a number of animals. The results with 1,6-hexanediol 
d iacrylate were confirmed in the second FCAT. 
The in terpretat ion of the challenge results with 1,4-butanediol 
d i a c r y l a t e , neopentanediol diacrylate and 1,5-pentanediol d iacrylate 
was d i f f i c u l t , because the challenge reaction pattern d i f fered from 
the pattern commonly observed with evident sensit izers in the FCAT or 
the GPMT. In table 4 the challenge reaction pattern of an evident 
sensit izer (n-butylacrylate) and of a diacrylate (1,4-butanediol 
d i a c r y l a t e ) , which caused such a d i f f e r e n t reaction pattern is 
i l l u s t r a t e d . The median values of the in tens i ty of the challenge 
reactions to the т . п . i . e . and to a one step lower concentration are 
given. Only the results of those animals were used which showed at 
least a grade 1 reaction to the т . п . i . e . in the challenge of day 21 
(24 h. and/or 48 h . ) . From table 4 i t can be seen that animals 
sensitized to η-butyl acrylate (8 of 8 experimental animals) generally 
reacted c lear ly to both challenge concentrations at 24 h. and 48 h. in 
the challenge of day 21 and day 35. 5 Of 8 animals induced with 
1,4-butanediol d iacry late showed a grade 1 reaction to the т . п . i . e . at 
24 h. in the challenge of day 21. At 48 h. the in tens i ty of the 
reactions in a l l animals had decreased. In the challenge of day 35 
weak reactions were observed at 24 h. None of these animals reacted to 
the lower challenge concentration at day 21 nor at day 35. In a t h i r d 
(day 49) and fourth (day 63) challenge, no difference with day 35 was 
observed. The decrease in r e a c t i v i t y to the т . п . i . e . and the absence 
of reactions to a lower challenge concentration was, general ly, also 
observed in the FCAT's with neopentanediol d iacrylate and 
1,5-pentanediol d iacry late. The same phenomena were observed in the 
second FCAT's using less steeply decreasing challenge concentrations. 
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Table 4: Challenge reactions at day 21 and day 35 of η-butyl acryl ate 
and 1,4-butanediol diacrylate in the FCAT 
24 h. 
DAY 21 
48h. 24h. 
DAY 35 
48h 
2 0 i 
15-
i 1.CH 
φ 
E 
со-зм 
С).IM 
n _ b u t y l a c r y l a t e 
Co с, 
2σ 
is-
io-
0.5-
СоС, CoCf 
Co-0,03M 
С,-0.01 M 
Со Ci Со Ci 
i ,4butanediol d iacry late 
Co Ci CoCi 
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DISCUSSION 
The purity of the samples of di(meth)acry1ates was at least 95% in 15 
of 18 samples, when tested in the GPMT or the FCAT. A higher level of 
purity was difficult to obtain because unwanted polymerization 
reactions interfered with the purification procedures. Sensitizations 
to impurities can therefore not be excluded, in particular not in the 
tests with dimethacrylates where high challenge concentrations were 
used (table 2). With respect to the very low challenge concentrations 
of diacrylates (table 2) positive reactions caused by impurities are 
unlikely. 
In several pilot studies with acrylic monomers (chapter IV) the 
occurrence of concomitant sensitizations to additives, inhibitors, 
acrylic or methacrylic acid was investigated. Sensitizations to the 
inhibitors hydroquinone and p-methoxyphenol were demonstrated in those 
studies. 
In the present investigation we have demonstrated the sensitizing 
potential of six dimethacrylates and two diacrylates. The sensitizing 
potential of 1,4-butanediol diacrylate, neopentanediol diacrylate and 
1,5-pentanediol diacrylate is questionable. The low grade challenge 
reactions to the т.п.i.e. only and the decrease of the intensity of 
these reactions in successive challenges was different from the 
challenge reaction pattern observed with other sensitizing acrylic 
monomers. This difference in reaction pattern makes it, in our 
opinion, impossible to classify these monomers with certainty as 
sensitizers. A decrease in reactivity in successive challenges was 
also observed in most of the FCAT's with dimethacrylates. However, 
animals sensitized to a dimethacrylate reacted, generally, not only to 
the т.п.i.e. but also to lower challenge concentrations. This decrease 
in the case of dimethacrylates was not clearly related to the 
intensity of the reactions in the challenge of day 21, both animals 
with strong and animals with weak challenge reactions could show 
negative reactions at day 35. Such a decrease in reactivity was also 
observed with 2-hydroxyethyl methacrylate (chapter IV). Björkner (41) 
observed it in a GPMT with trimethylol propane triacrylate. Klecak (62) 
had the same experience in sensitization tests with some fragrance 
materials. 
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Several explanations are possible for this decrease, such as 
- at day 35 effector cell function is dominated by suppressor cells; 
- a non specific change in susceptibility to irritation during the 
test procedure, which enhances the intensity of the challenge 
reactions at day 21, but which has disappeared at day 35 ('angry skin 
syndrome'). 
It is possible that the same mechanism is responsible for the 
decrease in reactivity as observed in the FCAT's with most of the 
dimethacrylates, and with the diacrylates which showed a challenge 
reaction pattern that was different from the pattern observed with 
clear sensitizers. The elucidation of the mechanism of this decrease 
is of great importance for a proper interpretation of the challenge 
results of sensitization tests. For the time being it is uncertain 
which number of positive animals should represent the sensitizing 
potential of a compound, that of day 21 or day 35? Therefore the 
results of the GPMT and the FCAT are given both for day 21 and day 35. 
For the grading classification of the FCAT the results of day 21 
were used. 
In contrast to the decrease in reactivity, an increase in 
successive challenges was observed in several GPMT's. This increase 
was confirmed by a third challenge (day 49). The closed patch 
challenge at day 21 can in these cases be considered as a third stage 
in the induction, causing an increase of the number of sensitized 
animals after successive challenges. Therefore the results of day 35 
were used for the grading classification of the GPMT's. 
Both the GPMT and the FCAT can cause severe inflammation reactions 
at the intradermal induction sites. In the FCAT animals a strong flare 
up reaction at the induction sites during the challenges may cause 
severe bleeding. Sometimes such reactions forced us to terminate the 
experiment. In a modified FCAT, with only 3 intradermal inductions at 
day 0-5-9, this strong flare up reaction was not observed. This 
modified FCAT is very well tolerated by the animals. With several 
monomers we have compared the results of the orginal FCAT with this 
modified procedure. Important differences in results were never 
observed. Klecak (62) had the same experience with different allergens. 
This modified procedure is now used routinely in our laboratory. 
In our animal experiments we could confirm the sensitizing 
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potential of 1,6-hexanediol diacrylate (42) and diethylene glycol 
dimethacrylate (25) reported in humans. 
We had the same experience as Malten (5 ) , who fa i led to 
demonstrate a sensi t iz ing potential of 1,6-hexanediol diacrylate in a 
GPMT, however, i t appeared to be a sensit izer in the FCAT in our 
experiments. 
In general i t may be said that we obtained more and stronger 
sensit izat ions with the FCAT than with the GPMT, not only with 
di(meth)acrylates, but also with mono(meth)acrylates (chapter IV). Our 
data suggest that the difference between a diacrylate and a 
dimethacrylate is that of a non or weak sens i t izer , but strong 
i r r i t a n t and a moderate or strong sensit izer but weak i r r i t a n t . 
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CHAPTER VI 
CROSS REACTION PATTERN OF ACRYLIC MONOMERS 
H.B. van der Walle, T. Bensink 
Chapter VI was accepted for publication in Contact Dermatitis 
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INTRODUCTION 
Immunological cross reactivity of chemical compounds can be a serious 
problem for patients when these compounds are widely used in a variety 
of products or have important applications. The vastly increased use 
of acrylic monomers and in particular their medical applications might 
have serious consequences to persons sensitized to one or more 
acrylic monomers in case these monomers would exhibit an extensive 
cross reaction pattern. 
In previous chapters (IV, V) we have described the sensitizing 
potential of 26 acrylic monomers in the guinea pig. Animals sensitized 
to these monomers in the course of those investigations were used to 
study the cross reaction pattern of acrylic monomers. 
MATERIALS AND METHODS 
ANIMALS 
Albino female guinea pigs of the Himalayan white spotted outbred 
s t ra in ( I ns t i t u te for Biomedical Research, Fi i l l ingsdorf , Switzerland) 
and of the Dunkin-Hartley outbred s t ra in (01ac L t d . , Bicester, 
England) were used. The weight of the animals at the time of the cross 
reaction challenges was 550 - 750 g. They were housed in large iron 
cages in groups of four and fed on a pe l le t d i e t , supplemented with 
water containing vitamin C, ad l ib i tum. 
CHEMICALS 
Characteristics of the chemicals are described in detail in 
chapter IV, V. 
CHALLENGE PROCEDURE 
Animals sensit ized in the Freund's Complete Adjuvans Test (FCAT) or 
Guinea Pig Maximization Test (GPMT) were used. 
Two weeks af ter f in ish ing the FCAT or GPMT, one flank of the 
guinea pig was clipped and 6 to 8 acry l ic monomers were applied in 
two rows, one above the other, each in an amount of 0.025 ml in an 
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Table 1: Test concentration used in cross reaction challenges 
monomer D.H. H.S. 
ethyl acryl ate 
η-butyl acryl ate 
t-butyl acryl ate 
n-pentyl acryl ate 
neopentyl acryl ate 
n-hexyl acryl ate 
methyl methacrylate 
ethyl methacrylate 
η-butyl methacrylate 
t-butyl methacrylate 
n-pentyl methacrylate 
neopentyl methacrylate 
n-hexyl methacrylate 
2-hydroxyethyl methacrylate 
1,2-ethanediol d iacry late 
1,4-butanediol d iacrylate 
1,5-pentanediol d iacrylate 
neopentanediol diacrylate 
1,6-hexanediol diacrylate 
diethylene glycol d iacrylate 
1,2-ethanediol dimethacrylate 
1,4-butanediol dimethacrylate 
1,5-pentanediol dimethacrylate 
neopentanediol dimethacrylate 
1,6-hexanediol dimethacrylate 
diethylene glycol dimethacrylate 
3M 
3M 
und. 
3M 
3M 
IM 
4M 
4M 
4M 
4M 
ЗМ 
ЗМ 
ЗМ 
ЗМ 
0.03М 
О.ОЗМ 
0.03М 
О.ОЗМ 
О.ОЗМ 
0.01М 
ЗМ 
ЗМ 
IM 
IM 
IM 
ЗМ 
О.ЗМ*
2 
0.1М 
О.ЗМ 
0.1М 
0.1М 
0.1М 
IM 
IM 
IM 
IM 
ЗМ 
О.ЗМ 
О.ОЗМ 
О.ОЗМ 
О.ОЗМ 
О.ОЗМ 
0.01М 
0.01М 
ЗМ 
IM 
IM 
IM 
IM 
IM 
* D.H. = Dunkln Hartley, H.S.= Himalayan White Spotted Guinea Pig 
for all monomers a mixture of 2 parts methyl ethyl ketone and 
1 part arachis oil v/v (Aramek) was used as a vehicle 
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area of 2 cm , marked with a circular stamp. The test sites were left 
uncovered. The reactions were read at 24 h and 48 h. Fourteen days 
later, the other flank was used. Every fourteen days this procedure 
was repeated, alternately using the right and left flank. 
After the last challenge to detect cross reactions, all animals 
were at last challenged with the monomer that originally had 
sensitized the animal. 
All monomers were applied in a non-irritating 
concentration (т.п.i.e., see table 1). A mixture of 2 parts methyl 
ethyl ketone and 1 part arachis oil (peanut oil) v/v ('Aramek') was 
used as a vehicle. 
CRITERIA OF CROSS REACTIVITY 
A reaction scored 1 or more was classified as positive. Doubtful 
results were repeated. Results of animals which did not react in the 
very last challenge to the monomer that originally sensitized the 
animal are not included. 
SCORING OF CROSS REACTIONS 
The percentage of animals with positive cross reactions was scored on 
a scale from 0 -»• +++. See table 2. 
Table 2: Scoring of cross reactions 
percentage of animals with score 
positive cross reaction 
0 % 
1 - 2 5 % + 
26 - 74% ++ 
75 - 100% +++ 
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RESULTS 
ANIMALS ORIGINALLY SENSITIZED TO MONOACRYLATES (table 3) 
Animals sensitized to a monoacrylate had, general ly, the tendency to 
react to other monoacrylates. Most of the animals sensitized to ethyl 
and pentyl acryl ate reacted to the other f i v e monoacrylates, while on 
the other hand those animals sensitized to neopentyl acryl ate only 
reacted to two other monoacrylates. 
Animals sensitized to monoacrylates did neither react to the 
corresponding monomethacrylates (same alkyl group in the ester) nor 
to other monomethacrylates. The only exception was one animal 
sensitized to ethyl acryl ate that reacted to η-butyl methacrylate. 
Positive reactions to some di(meth)acrylates occurred except in 
animals sensitized to t-buty l acrylate. Positive reactions to 
1,2-ethanediol di(meth)acryl ate and diethylene glycol diacrylate did 
not occur. 
ANIMALS ORIGINALLY SENSITIZED TO MONOMETHACRYLATES (table 3) 
Some of the animals sensit ized to a monomethacrylate reacted to some 
other monomethacrylates. None of these animals reacted to a l l other 
monomethacrylates. Some of the animals sensit ized to methyl 
methacrylate reacted to ethyl and η-butyl methacrylate. Animals 
sensitized to n-hexyl methacrylate did not react to other 
monomethacrylates. 
Cross reactions with monoacrylates occurred, these reactions were 
not r e s t r i c t e d to the corresponding monoacrylate. 
Some animals reacted to di(meth)acryl ates, especial ly those 
animals sensit ized to η-butyl and neopentyl methacrylate. 
ANIMALS ORIGINALLY SENSITIZED TO DIMETHACRYLATES (table 3) 
Positive reactions were rare. Animals sensitized to 1,2-ethanediol 
dimethacrylate and 1,4-butanediol dimethacrylate showed no posit ive 
reactions at a l l . 4 Of 6 animals sensitized to 1,5 pentanediol 
dimethacrylate showed posit ive reactions to 1,6-hexanediol 
dimethacrylate and diethylene glycol dimethacrylate. Only one animal 
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reacted to the corresponding diacrylate, it was an animal sensitized 
to 1,5-pentanediol dimethacrylate. 
With the exception of one animal that reacted to n-hexyl 
methacrylate, reactions neither to monoacrylates nor monomethacrylates 
were observed. Animals sensitized to diethylene glycol dimethacrylate 
were challenged at day 35 of the FCAT both with diethylene glycol 
dimethacrylate and diethylene glycol diacrylate. Positive reactions to 
diethylene glycol diacrylate were not observed. In the cross reaction 
challenges reactions to other monomers did not occur, but in the very 
last challenge the animals did not react anymore to diethylene glycol 
dimethacrylate, so it is uncertain whether the observed negative 
reactions to the other monomers were caused by this decrease in 
reactivity. 
ANIMALS ORIGINALLY SENSITIZED TO DIACRYLATES (table 3) 
As described ear l ie r (chapter V) the sensi t iz ing potential of some 
diacrylates could not be demonstrated c lear ly in the GPMT or the FCAT. 
Only to 1,2-ethanediol diacrylate and 1,6-hexanediol diacrylate some 
animals were evidently sensit ized. The cross reaction pattern of these 
animals is represented in table 3. The two animals sensitized to 
1,2-ethanediol d iacrylate reacted to n-hexyl acry late, no reactions 
to the other monomers were observed. One animal sensit ized to 
1,6-hexanediol d iacrylate reacted c lear ly to 1,6-hexanediol 
dimethacrylate. The same animal showed most of the other posit ive 
'reactions. 
Reactions to monomethacrylates were not observed. 
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Table 3: Cross reaction pattern of acrylic monomers (for grading see table 2) 
Animals 
sensitized to: 
acryl ates 
ethyl 
n-butyl 
t-butyl 
n-pentyl 
neopentyl 
n-hexyl a 
n-hexyl b 
6 
6 
3 
6 
4 
4 
4 
++ 
•+ 
X 
•+ 
•+ 
-
+ 
+ 
++ 
++ 
X 
+ 
-
-
-
+++ 
++ 
++ 
* 
+++ 
++ 
+++ 
++ 
+++ 
++ 
++ 
X 
+ 
+++ 
+++ 
++ 
++ 
++ 
+++ 
X 
X 
x3 
methacrylates 
methyl 
ethyl 
n-butyl 
neopentyl 
n-hexyl 
2-hydroxyethyl 
8 
3 
2x2x4 
4 
3*2 
4*5 
+ 
-
++ 
+ 
-
+ 
+ 
++ 
++ 
+ 
-
+ 
++ 
+ 
-
-
+ 
++ 
++ 
+ 
-
+ 
++ 
++ 
+ 
++ 
X ++ + 
+++ X 
Table 3 continued (see next page) 
di acryl ates 
1,2-ethanediol 2 +++ 
1,6-hexanediol 4 + - - + - -
dimethacrylates 
1,2-ethanediol 
1,4-butanediol 
1,5-pentanediol 
1,6-hexanediol 
diethylene glycol 
sensitizer, decrease in reactivity in final challenge to diethylene glycol dimethacrylate 
one animal responsible for all positive reactions 
open space = not tested 
Himalayan white spotted guinea pigs, all other Dunkiη Hartley 
all animals negative in challenge at day 35 of FCAT 
,*1 
Tabi о 3 continued 
Animals 
sensitized to: 
00 
о 
acryl ates 
ethyl 
η-butyl 
t-butyl 
n-pentyl 
neopentyl 
n-hexyl a 
n-hexyl b 
++ 
++ 
++ 
++ 
++ 
+ 
++ 
++ + 
*3 + 
-
++ 
++ 
+ 
+ 
++ 
+ 
methacrylates 
methyl 
ethyl 
n-butyl 
neopentyl 
n-hexyl 
2-hydroxyethyl 
8 
3 
2 
4 
3 
4 
»2*4 
*2 
x5 
++ ++ 
+ 
-
++ 
++ 
+ 
++ 
++ 
++ 
++ 
Table 3 continued 
diacryTates 
1,2-ethanediol 2 
1,6-hexanediol 4 + + 
dimethacryTates 
1,2-ethanediol 2 
1,4-butanediol 5 
1,5-pentanediol 6 
1,6-hexanediol 4 
diethylene glycol „*! 
* - ++ ++ 
+ * -
* 
Z2 
S3 
»4 
»5 
sensitizer, decrease in reactivity in final challenge to diethylene glycol dimethacrylate 
one animal responsible for all positive reactions 
open space = not tested 
Himalayan white spotted guinea pigs, all other Dunkln Hartley 
all animals negative in challenge at day 35 of FCAT 
DISCUSSION 
The generation of multiple sensitizations caused by active 
sensitizations in successive challenges, in our search for cross 
reactivity, can be an important source of errors in interpretation. 
The occurrence of these errors will mainly depend on the inherent 
sensitizing potential of the compound to be investigated as a possible 
cross reactor. Two facts suggest that this mechanism did not play an 
important role in our investigation. 
1. The occurrence of positive reactions was relatively infrequent 
considering the rather large number of acrylic monomers tested and 
the number of animals investigated. If multiple sensitizations would 
have been generated, higher frequencies of cross reactions would 
likely have appeared. 
2. The relative high frequency of positive cross reactions among 
monoacrylates was not caused by active sensitizations to other 
monoacrylates because all monoacrylates were tested in one and the 
same challenge. The positive reactions obtained in this challenge, 
were confirmed in successive challenges in which each positive 
monoacrylate was tested again but this time with monomers not 
belonging to the group of monoacrylates. The confirmation of the 
positive reactions in successive challenges makes an increased 
susceptibility to irritation (angry skin syndrome) unlikely as an 
explanation for the positive reactions to other monoacrylates in 
one and the same challenge. 
A possible influence of additives and inhibitors on the cross 
reaction pattern of acrylic monomers was investigated too and will be 
described in chapter VII. 
The purity of the mono(meth)acryl ates was in general more than 99% 
(gas-chromatographically). This high purity makes an influence of 
impurities unlikely. The purity of di(meth)acrylates was in general 
better than 95%, but the relatively rare occurrence of positive 
reactions to di(meth)acrylates, makes a role of impurities unlikely. 
In our investigation we could not confirm the results of 
Chung (39) who reported an almost complete cross reactivity between 
methyl, ethyl and η-butyl methacrylate in guinea pigs. 
In humans, Fisher (63) reported positive cross reactions to ethyl 
and η-butyl methacrylate in two persons sensitized to methyl 
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methacrylate. In contrast to this finding, Maibach et al. (23) did not 
observe positive reactions to ethyl and η-butyl methacrylate in four 
persons sensitized to methyl methacrylate. In our investigation some 
animals sensitized to methyl methacrylate did react to ethyl and/ 
or η-butyl methacrylate, others did not. 
Marks (24) described a woman who was sensitized to ethyl 
methacrylate and showed positive cross reactions with methyl and 
η-butyl methacrylate. Hambly (64) reported negative cross reactions to 
ethyl acrylate and methyl methacrylate in a woman sensitized to butyl 
acrylate. In our experiments we observed also negative reactions to 
ethyl acrylate and methyl methacrylate in η-butyl or t-butyl acrylate 
sensitized animals. Fregert (7) reported positive reactions to ethyl 
and butyl acrylate in a man sensitized to a sealant, which contained 
ethyl acrylate. As it was unknown whether there was contamination with 
butyl acrylate, it was not possible to decide whether the observed 
reactions were caused by cross reactivity. Again reactions to methyl 
methacrylate were not observed. 
Guinea pigs sensitized to 2-hydroxyethyl methacrylate lost their 
reactivity in the course of our investigation. So it was impossible to 
confirm the results of Mathias (26) who reported reactions to methyl, 
ethyl, propyl and isopropyl methacrylate in a technician sensitized to 
2-hydroxyethyl methacrylate. 
The most extensive clinical study of the cross reaction pattern of 
acrylic monomers was reported by Jordan (10). He tested 5 of 7 persons 
sensitized to 2-ethylhexyl acrylate with 7 different acrylic monomers. 
All persons reacted to 2-ethylbutyl acrylate and none reacted to 
methyl methacrylate. On base of these results he questioned the 
effectiveness of methyl methacrylate as an all purpose acrylic monomer 
screening allergen. 
In our investigation 19 different groups of guinea pigs each 
sensitized to a different acrylic monomer (total number of animals 80) 
were tested with 25 different acrylic monomers. Although this study 
was performed with rather small groups of animals, our results confirm 
the opinion of Jordan, that methyl methacrylate is unusable as a 
screening allergen to detect acrylic monomer sensitizations. The 
results of our investigation show that not only methyl methacrylate 
but also other investigated acrylic monomers are unusable as a 
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screening al lergen. Our results suggest that there is a reasonable 
chance to detect sensi t izat ion(s) to mono(meth)acrylate(s) by using 
pentyl or neopentyl acrylate as a screening al lergen. However, from 
our results i t is evident that sensit izat ions can be missed and 
especially the absence of cross reac t i v i t y to these monomers by methyl 
methacrylate sensit ized animals has to be emphasized. Sensitizations 
to di(meth)acrylates are neither detected by test ing with pentyl or 
neopentyl acry la te, nor by other monomers d i f fe ren t from the 
di(meth)acrylate that induced the sens i t iza t ion. 
I f i t is allowed to use the experimental data obtained in th is 
animal experiment for the human s i tua t ion , the results emphasizes the 
des i rab i l i t y that the true and complete composition of ( indus t r ia l ) 
products is accessible to the occupational dermatologist, to prevent 
the s i tuat ion in which patients have to be tested with large series of 
potent allergens or with a f a i r l y unrel iable screening allergen to 
detect the real o r ig in of the sens i t iza t ion. 
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CHAPTER VII 
CONCOMITANT SENSITIZATION TO HYDROQUINONE AND 
P-METHOXYPHENOL; INHIBITORS OF ACRYLIC MONOMERS 
H.B. van der Walle, L.P.C. Delbressine, E. Seutter 
Chapter VII was accepted for publication in Contact Dermatitis 
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INTRODUCTION 
Inhibitors are added to acrylic monomers to prevent unwanted 
polymerization (chapter I). Most manufacturers use hydroquinone (HQ) 
and p-methoxyphenol (MP), (see table 1). 
The sensitizing potential of hydroquinone is well known. It was 
reported in humans as the allergen in depigmenting agents (65, 66) and 
cattle food (67). 
In publications dealing with the sensitizing potential of (meth) 
acrylates only two authors mention patch testing with hydroquinone, 
Magnusson and Mobacken (56) found negative patch test results with 
hydroquinone in the case of seven workers sensitized to an acrylic 
sealant, and Kaaber e.a. (18) observed positive reactions to 
hydroquinone in a patient with an acrylic denture. Neither Nyquist 
(38) nor Magnusson (37), nor Chung and Giles (39) investigated a 
possible concomitant sensitization to hydroquinone in methyl 
methacrylate sensitizing experiments in guinea pigs. 
In a systematic analysis of the sensitizing potential of mono 
(meth)acrylates and di(meth)acrylates (chapter IV, V), sensitizations 
and concomitant sensitization to HQ and MP were observed. 
The aim of the present study was to investigate: 
1. A possible correlation between the concentration of the inhibitor 
in the acrylic monomers and the incidence of (concomitant) 
sensitization as observed in animal experiments. 
2. A possible influence of the inhibitor on the sensitizing potential 
of acrylic monomers. 
3. The role of the concomitant sensitizations to HQ and MP in the 
cross reaction pattern of acrylic monomers. 
4. The sensitizing potential of these inhibitors when tested 
separately and their cross reaction pattern. 
5. The sensitizing potential of hydroquinone in an induction 
concentration comparable with the concentration of this compound in 
the FCA/distilled water/acrylic monomer induction emulsion as used 
in the FCAT in the systematic analysis of the sensitizing potential 
of acrylic monomers.(chapter IV, V). 
Throughout the study thymol was used as an alternative for HQ and MP 
when necessary. Sensitization to thymol was reported in humans by 
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Djerassi and Berowa (68). However, in four different animal 
experiments no sensitizing potential of thymol could be detected (51), 
MATERIALS AND METHODS 
CHEMICALS 
Hydroquinone was obtained from Merck (Darmstadt, Germany), p-methoxy-
phenol from Aldrich Europe (Beerse, Belgium) and thymol from Brocacef 
(Maarssen, the Netherlands): see table 1. 
The o r i g i n , pur i ty and other character ist ics of the acry l ic monomers 
are described in detai l in chapter IV, V. 
Table 1: Inhib i tors of polymerization 
hydroquinone (HQ) p-methoxyphenol (MP) thymol 
m.w. 110 m.w. 124 m.w. 150 
pur i ty 99,9%* pur i ty 98% pur i ty 99% 
gas l iquid chromatography 
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ANALYSIS OF HQ AND MP CONCENTRATION IN ACRYLIC MONOMERS BY HIGH 
PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) 
A Waters Associates HPLC instrument was used, containing a 
chromatography pump model M 6000 A, a model U 6 К injector, and a 
model 440 (ultraviolet) absorption detector (254 nm). Separations were 
performed on a 4,6 mm ID χ 150 im column, packed with sillicagel 
Lichrosorb 60, 5 y,n = 47000 plates/m. 
The method used was a variant of that described by Mann (69). 
Chloroform (for MP chloroform-n-hexane 3:1 v/v) was used as an eluent, 
at a flow rate of 1,5 ml/min. Rt 13 min. (MP Rt + 3 min.). A 10 μΐ 
neat injection was used for the normal concentration range of 
0-50 ppm. Higher concentrations were analysed with an appropriate 
amount of the chromatographic solvent to keep the HQ or MP peak within 
the range of the calibration curve. There was a linear relationship 
between HQ and MP concentration and peak area, within the range of the 
calibration curve. 
Concentrations of inhibitors estimated in the acrylic monomers are 
given in g/1. 
Manufacturers state the concentrations of inhibitors in ppm. 
These concentrations are represented as g/kg. 
EXTRACTION OF HQ AND MP FROM THE ACRYLIC MONOMERS 
The following procedure was used to remove HQ or MP from the acrylic 
monomers: 
The monomer was washed twice with an equal amount of 2N NaOH solution 
and subsequently with one volume of water. The organic layer was dried 
on MgS04. To prevent polymerization thymol was added. The amount of HQ 
or MP remaining after this procedure was lower than 0,003 g/1 (HPLC). 
RESULTS 
TYPE AND CONCENTRATION OF INHIBITOR 
In all samples of acrylic monomers the type and concentration of the 
inhibitor (HQ or MP) was assayed with the HPLC method. The results are 
shown in table 2. There was an almost 400 fold difference between the 
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lowest and the highest concentration of hydroquinone. The highest 
concentration in a commercially obtained sample was 2,410 g / 1 . In 
commercially obtained samples of 1,6-hexanediol diacrylate and 
neopentanediol d iacry la te , HQ and MP could be demonstrated. 
CONCOMITANT SENSITIZATION TO INHIBITORS IN ACRYLIC MONOMERS 
Table 2 shows the sensitizing potential of the acrylic monomers as 
estimated in the FCAT (chapter IV, V) and the incidence of concomitant 
sensitization (acrylic monomer + inhioitor) and of sensitization to 
the inhibitor only. Seven of 11 acrylic monomers, showing (concomitant) 
sensitization to the inhibitor, belong to the group of mono-
methacrylates. 
INFLUENCE OF THE INHIBITOR ON THE SENSITIZING POTENTIAL OF 
METHACRYLATES 
The results of the FCAT for methyl methacrylate and neopentyl 
methacrylate both containing hydroquinone and those FCAT's with 
samples of the same methacrylates in which thymol had replaced 
hydroquinone, are represented in table 3. No difference between these 
samples could be demonstrated. Sensitization to thymol was not found 
in these tests. Animals sensitized to neopentyl methacrylate alone and 
animals sensitized to both, neopentyl methacrylate and hydroquinone, 
did not show any difference in reaction when tested with samples of 
neopentyl methacrylate, with either hydroquinone or thymol. 
The same phenomenon was observed with animals sensitized to methyl 
methacrylate alone and animals sensitized to both hydroquinone and 
methyl methacrylate. Again no difference in reaction was observed when 
these two groups of animals were tested with the two samples of methyl 
methacrylate containing either hydroquinone or thymol. 
Hydroquinone, the inhibitor of ethyl methacrylate was replaced by 
p-methoxyphenol, in two concentrations. In separate FCAT's no 
difference in sensitizing potential between the three samples of 
ethyl methacrylate could be demonstrated (table 3). 
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Table 2: Sensitization of the guinea pig to either inhibitor + acrylic monomer (concomitant 
sensitization) or inhibitor only. 
Acrylic monomer *1 
sensitizer inhibitor incidence of sensitization amount of inhibitor 
in concomitant inhibitor specified by estimated 
FCAT sensitization only manufacturer g/kg by HPLC g/1 
code acryl ate 
2 ethyl 
4 n-butyl 
7 t-butyl 
8 n-pentyl 
9 neopentyl 
10a n-hexyl 
10b n-hexyl 
code methacrylate 
31b methyl 
32 ethyl 
33 n-butyl 
30 t-butyl 
34 n-pentyl 
35a neopentyl 
35b neopentyl 
36 n-hexyl 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
-
-
+ 
+ 
+ 
M.P. 
H.Q 
M.P. 
H.Q. 
H.Q. 
H.Q. 
M.P. 
H.Q 
M.P. 
H.Q. 
H.Q. 
H.Q. 
H.Q. 
H.Q. 
H.Q. 
0/8 
0/8 
0/8 
0/8 
0/8 
1/8 
2/8 
1/6 
1/6 
0/8 
0/8 
0/8 
5/8 
1/8 
1/8 
0/8 
0/8 
0/8 
0/8 
0/8 
0/8 
0/8 
0/6 
0/6 
2/8 
0/8 
4/8 
0/8 
3/8 
0/8 
_ 
0,100 
-
-
-
-
-
0,100 
0,200 
-
-
0,100 
-
-
-
0,160 
0,050 
<0,001 
3,700 
1,200 
4,300 
0,030 
0,070 
0,026 
0,092 
0,092 
0,190 
0,672 
4,960 
0,046 
37 2-hydroxyethyl H.Q. 0/8 0/8 0,032 
code diacrylate 
21a 1,2-ethanediol 
22a 1,4-butanediol 
22b 1,4-butanediol 
23 neopentanediol 
24 1,5-pentanediol 
25b 1,6-hexanediol 
26 diethylene glycol 
code dimethacrylate 
41 1,2-ethanediol 
42a 1,4-butanediol 
44b neopentanediol 
43b 1,5-pentanediol 
45 1,6-hexanediol 
46 diethylene glycol 
+ 
+*
3 
+*
3 
+*3 
+*
3 
+ 
-
+ 
+ 
+ 
n.t. 
+ 
+ 
H.Q. 
H.Q. 
H.Q. 
H.Q./M.P. 
H.Q. 
H.Q./M.P. 
H.Q. 
H.Q. 
H.Q. 
H.Q. 
H.Q. 
H.Q. 
M.P. 
0/8 
0/8 
0/8 
0/8 
1/8 
0/8 
0/8 
0/8 
1/8 
0/8 
n.t. 
0/8 
1/8 
0/8 
0/8 
0/8 
0/8 
1/8 
2/8 
0/8 
0/8 
0/8 
0/8 
n.t. 
0/8 
0/8 
0,200 
-
0,100 
- / -
-
- / -
-
-
-
-
-
-
-
2,410 
0,025 
n.t.*2 
0,024/0,054 
9,200 
0,440/0,028 
0,120 
0,082 
0,082 
0,038 
0,100 
0,028 
0,455 
zl 
32 
sensitizing potential of acrylic monomers as estimated in Freund's Complete Adjuvans Test 
(Chapter IV, V) 
not tested 
«3 
sensitizing potential in guinea pigs uncertain, see chapter V 
Table 3: Influence of hydroquinone on the sensit iz ing potential of some methacrylates 
I n h i b i t o r Freund's Complete Adjuvans Test 
code type g/1 induction challenge 
day 0 9 day 21 day 35 
methacrylate i n h i b i t o r methacrylate i n h i b i t o r 
31a methyl methacrylate 
35a neopentyl methacrylate 
32 ethyl methacrylate 
H.Q. 
Thymol 
H.Q. 
Thymol 
M.P. 
H.Q. 
H.Q. 
0,100 
0,090 
0,672 
0,200 
0,026 
0,190 
2,000 
5 χ 0,5M 
5 χ 0,5M 
5 χ 0,5M 
5 χ 0,5M 
5 χ 0,5M 
5 χ 0,5M 
5 χ 0,5M 
2/8 
2/8 
8/8 
8/8 
2/6 
2/6 
1/6 
1/8 
0/8 
5/8 
0/8 
1/6 
n.t. 
3/6 
2/8 
2/8 
8/8 
8/8 
2/6 
2/6 
1/6 
n.t 
n.t 
n.t 
n.t 
1/6 
1/6 
3/6 
INFLUENCE OF HYDROQUINONE ON THE CROSS REACTIONS OF ACRYLIC MONOMERS 
When animals sensitized in the FCAT to both acrylic monomer and 
hydroquinone were challenged with acrylic monomer + hydroquinone and 
the same monomer in which hydroquinone was replaced by thymol, no 
difference in intensity or incidence of reactions was observed. 
SENSITIZING POTENTIAL OF HYDROQUINONE AND P-METHOXYPHENOL IN FCAT 
AND GPMT 
The results are given in table 4. The GPMT and FCAT show the same 
sensi t izat ion incidence for both compounds. Hydroquinone and 
p-methoxyphenol are moderate sensit izers in the FCAT, grading I I - 1. 
The concentration of hydroquinone in a FCA/disti l led water/acryl ic 
monomer induction emulsion in the FCAT in the case of an a c r y l i c 
monomer with a hydroquinone contents of 0,100 g / 1 , is about 0,45 yM. 
This very low concentration was used (without the presence of the 
monomer) as the induction concentration in a separate FCAT. As can be 
seen in table 4, hydroquinone is s t i l l a moderate sensit izer in the 
guinea pig using th is induction concentration of 0,45 μΜ. Cross 
reactions of hydroquinone and p-methoxyphenol sensitized animals are 
given in table 5. There is an almost 100% cross r e a c t i v i t y . None of 
the animals reacted to thymol. 
The sample of p-methoxyphenol contained no trace of hydroquinone 
(glc and hplc) . Hydroquinone and p-methoxyphenol had no impurity in 
common ( g l c ) . Animals sensitized to hydroquinone or p-methoxyphenol 
did not react when challenged with acry l ic monomers with a high 
concentration of hydroquinone. 
DISCUSSION 
According to Mann (69) the hplc detection method of hydroquinone and 
p-methoxyphenol in acry l ic monomers is r e l i a b l e , with a good 
r e p r o d u c i b i l i t y of the r e s u l t s . The observed differences between the 
contents of the i n h i b i t o r , as stated by the manufacturer and that 
estimated with the hplc method, may be due to a difference in 
d e f i n i t i o n of p.p.m. The difference in the case of 1,2-ethanediol 
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Table 4: Sensitization to hydroquinone and p-methoxyphenol 
-с» 
Guinea Pig Maximization Test Freund's Complete Adjuvans Test 
*1 *2 
induction challenge grading induction challenge grading 
day 0 day 7 day 21 day 35 day 0+9 day 21 day 35 
hydroquinone 0,5M IM 5/10 5/10 III 5 χ 0,5M 4/8 4/8 II - 1 
5 χ 0,5μΜ 3/8 4/8 II - 2 
p-methoxyphenol 0,5M IM 5/10 5/10 III 5 χ 0,5M 4/8 4/8 II - 1 
Sl *2 
according to Magnusson (37) see chapter III 
Table 5: Cross reaction pattern of hydroquinone and p-methoxyphenol 
Animals sensitized to Number of animals reacting to 
number of hydroquinone p-methoxyphenol thymol 
animals IM*1 3M*1 IM*1 
hydroquinone 9 8 0 
p-methoxyphenol 9 9 0 
vehicle: 2 parts methyl ethyl keton + 1 part arachis oil v/v (Aramek) 
diacrylate as observed in our invest igat ion, cannot be explained. This 
sample contained at least a tenfold higher hydroquinone content than 
stated by the manufacturer (table 2). The results represented in table 
2 reveal that there is no simple correlat ion between the amount of 
i nh ib i to r and the incidence of concomitant sensi t izat ions. The results 
are confusing. A high concentration of HQ both in 1,5-pentanediol 
diacrylate and n-hexyl acry late, is connected with sensi t izat ion and 
concomitant sens i t izat ion. In cont ras ta comparable concentration of 
HQ in pentyl acrylate and 1,2-ethanediol d iacrylate did not show any 
sens i t izat ion. Similar results of concomitant sensi t izat ion and non 
concomitant sensi t izat ion appear with low concentrations of the 
inh ib i tors in acry l ic monomers. 
Seven of 11 acry l ic monomers showing (concomitant) sensi t izat ion 
to the inh ib i tors belong to the group of monômethacrylates. Among 
these monomethacrylates there is no corre lat ion between ei ther a 
sensi t iz ing or a non-sensitizing potential of the monomer and the 
incidence of (concomitant) sens i t izat ion. 
A remarkable f inding in th is study was that hydroquinone showed 
ident ical sensi t izat ion potentials in the FCAT using induction 
concentrations which di f fered a factor of 10 ! (Table 4) . This 
apparent independence of the sensi t iz ing potential from the induction 
concentration of hydroquinone is in agreement with our f inding that 
there was no correlat ion between the concentration of the inh ib i to r 
and the occurrence of (concomitant) sens i t izat ion. 
We do not understand the absence of concomitant sensi t izat ion in 
most of the other acry l ic monomers containing i nh ib i t o rs . The 
combination of these monomers with the inh ib i tors seems to in ter fere 
with the sensi t iz ing potential of the inh ib i to r . 
This f inding might be s imi lar to the 'quenching' phenomenon 
described by Opdyke (70). He reported the inh ib i t i on of sensi t izat ion 
by three aldehydes (cinnamic aldehyde, phenyl acetaldehyde, c i t r a l ) 
when induction was performed in combination with some alcohols and 
terpenes with which the aldehydes occur in nature. The three aldehydes 
appeared to be clear sensit izers when tested in pure form. The 
quenching phenomenon is not yet f u l l y understood. Either chemical or 
biological interactions can be responsible for th is in te rac t ion . Some 
of these poss ib i l i t i es were suggested by Majeti and Suskind (71). 
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Regardless of possible quenching, sensitization to the inhibitors 
was observed in our animal experiments. Sensitization to hydroquinone 
in humans is not only a problem because of the wide-spread use of this 
compound as an antioxidant and inhibitor of polymerization but also 
because it cross reacts with resorcinol (7E). Resorcinol is widely 
used in dermatology, but can be used also in hair dyes, resins and 
tanning. See Cronin (8) for a review of sensitizations to resorcinol. 
In our opinion testing with the inhibitor present in acrylic 
monomers should be performed routinely in human patch testing with 
acrylic monomers. There is no indication from the results of this 
investigation that concomitant sensitization can be responsible for 
the cross reactivity of acrylic monomers. 
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CHAPTER Vili 
CONCLUSIONS 
1. GUINEA PIG MODEL 
- Results obtained with the Guinea Pig Maximization Test (GPMT) and 
the Freund's Complete Adjuvans Test (FCAT) were reproducible and 
were generally in accordance with the results reported in the 
literature concerning patients with allergic contact dertmatitis. 
- The FCAT is easier to perform and gave rise to more and stronger 
sensitizations to acrylic monomers than the GPMT. 
- A modified FCAT with three intradermal inductions (day 0-5-9), was 
much better tolerated by the animals than the original FCAT or GPMT. 
The results obtained with this modified test were comparable with 
those of the original test. 
- High intradermal induction concentrations are no guarantee for a 
maximum incidence of sensitizations. 
2. SENSITIZING POTENTIAL OF ACRYLIC MONOMERS 
- Monoacrylates and dimethacrylates are without exeption moderate to 
strong sensitizers. 
- Monomethacrylates; some were non sensitizers, others showed a weak 
to moderate sensitizing potential. Compared with monoacrylates, 
methyl methacrylate is a weak to moderate sensitizer. The 
sensitizing potential of neopentyl methacrylate is uncertain. 
- diacrylates; some were clearly non or weak sensitizers. A number of 
diacrylates showed a challenge reaction pattern different of that 
commonly observed. A definite conclusion with respect to their 
sensitizing potential was not possible. 
3 . SENSITIZING POTENTIAL OF ACRYLIC AND METHACRYLIC ACID 
- Methacrylic acid was a non-sensit izer. 
- Acry l ic acid caused clear sensi t izat ions. I t was demonstrated that 
these sensit izat ions were due to an impuri ty( ies) of unknown 
composition. 
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4. CONCOMITANT SENSITIZATIONS TO ADDITIVES AND TO SUBSTANCES USED IN 
SYNTHESIS 
- Concomitant sensitizations to hydroquinone and p-methoxyphenol were 
frequently observed; in 13 of 28 FCAT's. 
- Concomitant sensitizations to several other additives and substances 
used in synthesis were not observed. 
5. CONCOMITANT SENSITIZATIONS TO HYDROQUINONE AND P-METHOXYPHENOL 
- No re la t ion was demonstrated between content of i nh ib i to r and the 
occurrence of concomitant sensi t izat ions. 
- Inhib i tors had no influence on the sensi t iz ing potential of acry l ic 
monomers. 
- In a separate FCAT hydroquinone and p-methoxyphenol were moderate 
sensi t izers. Hydroquinone and p-methoxyphenol showed an almost 
complete cross reac t i v i t y . Hydroquinone is s t i l l a moderate sensit izer 
when tested in a FCAT using a very low induction concentration 
(0,45yM), which concentration is comparable with the concentration of 
th is compound in the FCA/dist i l led water/acryl ic monomer induction 
emulsion in case of a test with an acry l ic monomer with an inh ib i to r 
content of 0,100 g / 1 . The observed concomitant sensit izat ions to 
hydroquinone are in accordance with the f inding of the moderate 
sensi t iz ing potential even in low induction concentrations. However, 
in tests with other acry l ic monomers no concomitant sensi t izat ion to 
hydroquinone were observed, although these acry l ic monomers had a 
comparable inh ib i to r content. A mechanism comparable with that of 
the so cal led 'quenching phenomenon' was suggested for the absence 
of concomitant sensit izat ions in those tests . 
6. CROSS REACTION PATTERN OF ACRYLIC MONOMERS 
- Cross reactions were, in general, infrequently observed. Most of the 
cross reactions occurred among representatives of the group of 
monoacrylates. 
- Concomitant sensitizations to inhibitors were not responsible for 
the observed cross reactions of acrylic monomers. 
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7. SKIN IRRITATION 
The determination of the maximum non-irrita ting concentration after 
one open application gave some idea about the skin irritating 
potential of acrylic monomers: 
- Diacrylates are strong irritants, with a low maximum non-irritating 
concentration and a sharp boundary between irritant and non irritant 
concentrations. 
- Monoacrylates are weak to moderate irritants. Monomethacrylates and 
dimethacrylates are non to weak irritants to the guinea pig skin. 
8. GENERAL CONCLUSIONS 
Several of the following statements are based on the assumption that 
it is allowed to use the data obtained in guinea pig experiments for 
the human situation. 
- The data suggest that: 
1. the introduction of a methyl group at the α carbon atom reduces the 
sensitizing potential of monoacrylates; 
2. the difference between a diacrylate and a dimethacrylate is that 
of a non or weak sensitizer, but strong irritant and a moderate 
or strong sensitizer but weak irritant; 
3. no acrylic monomer is suitable as universal screening allergen to 
detect acrylic monomer sensitizations. 
- Those acrylic monomers have to be preferred for industrial use, 
which combine a low sensitizing potential with a scanty cross 
reaction pattern (if the topical irritancy and systemic toxic 
factors of the monomer do not interfere). 
- In the literature concerning clinical cases of allergic contact 
dermatitis, sensitizations to hydroquinone have been reported 
rarely, despite its application in widely used dermatologi cal 
depigmentating ointments. The observed concomitant sensitizations to 
hydroquinone in guinea pigs are therefore at this moment no 
sufficient argument to advise replacement of this inhibitor. 
However, the observed concomitant sensitizations indicate that the 
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i nh ib i to r present in acry l ic monomers can induce sensit izat ions and 
therefore should be tested rout inely in human patch test ing with 
acry l ic monomers. These data are missing in most of the c l i n i ca l 
reports. 
The guinea pig experiments suggest that sensit izat ions to 
hydroquinone can be detected by test ing with p-methoxyphenol and vice 
versa. 
9 . QUESTIONS TO BE ANSWERED 
- Two samples of neopentyl methacrylate showed a complete d i f fe rent 
sensi t iz ing potential (non versus very strong). The samples were 
synthesized by two d i f fe ren t methods. The question has to be 
answered i f the strong sensi t iz ing potential of one of the samples 
was due to an impurity or to other in ter fer ing factors. 
- The ident i ty of the impurity that is responsible for the sensi t iz ing 
potential of acry l ic acid has to be revealed. 
- The mechanism of the decrease in reac t i v i t y in successive challenges 
as observed in several FCAT's has to be c l a r i f i e d . 
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CHAPTER IX 
SUMMARY 
The use of acrylic monomers in the production and processing of a 
great variety of materials, is responsible for the exposure on a large 
scale of the human skin to these compounds. Allergic and irritant 
reactions due to these monomers were reported in many publications in 
the last decade(s). 
In chapter I a review is given of the literature concerning the 
allergic and irritant reactions of acrylic monomers on the skin of the 
human and guinea pigs. A short introduction is given in the history of 
plastic materials and the principles of polymerization reactions 
leading to their production. To mark the importance of acrylic monomers 
in today's society, the different types of acrylic monomers and the 
great variety of their applications are described. 
It was the aim of this study (chapter II) to investigate in guinea 
pigs the sensitizing potential of a large group of structurally related 
acrylic monomers, not only to detect possible differences in 
sensitizing potential but also to investigate: 
1. a possible relation between sensitizing potential and (a) the 
presence of a methyl group at the α carbon atom and (b) the 
structure of the alkyl group in the ester; 
2. the role of (meth)acrylic acid; 
3. possible concomitant sensitizations to additives or traces of 
substances used in synthesis; 
4. the cross reaction pattern of acrylic monomers. 
The materials and methods used in this investigation are described 
in chapter III. As guinea pig model, the Guinea Pig Maximization Test 
(GPMT) and the Freund's Complete Adjuvans Test (FCAT) were used. The 
technique and procedures of these tests are described in detail and the 
criteria of sensitizations are formulated. A modified classification to 
grade the sensitizing potential of compounds was introduced for the 
FCAT. In this chapter special attention is paid to the equipment used 
in the animal laboratory to reduce the exposure of the investigators to 
guinea pig hairs and to low concentrations of vapours of acrylic 
monomers. For this purpose a specially designed transportable 
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fumehood, a shaving apparatus combined with a vacuum cleaner and a 
f i l t e r mask were used. 
Chapter IV deals with the sensi t iz ing potential of 14 mono(meth)-
acrylates in the FCAT and the GPMT. The pur i ty of these monomers was 
determined gas-chromatographically. In the f i r s t set of experiments 
d i f fe rent vehicles and intradermal induction concentrations were 
investigated to select a useful vehicle and induction concentration. In 
two other experiments, f i r s t a possible difference in suscept ib i l i t y to 
sensi t izat ion between both strains of guinea pigs used in the study was 
investigated. Secondly, attent ion was paid to a possible difference in 
test - resul ts between the two laboratories by test ing several monomers 
in both laborator ies. In the systematic analysis of the sensi t iz ing 
potential of 14 mono(meth)acrylates, a to ta l number of 30 FCAT's and 
GPMT's were performed. Possible concomitant sensit izat ions to the 
inh ib i to rs hydroquinone and p-methoxyphenol were investigated in a l l 
the FCAT's. In separate FCAT's the sensi t iz ing potential of acry l ic and 
methacrylic acid was investigated. 
Chapter V deals with the sensi t iz ing potential of 12 di(meth)-
acrylates. The pur i ty of these monomers was determined gas-
chromatographically. Several monomers which contained more than 5% 
impurit ies were pur i f ied by preparative High Performance Liquid 
Chromatography, so that the pur i ty of these monomers was better than 
95X. The results representing the sensi t iz ing potential of the 12 
di(meth)acrylates are based on a tota l number of 26 FCAT's and GPMT's. 
The phenomenon of ei ther a decrease or an increase of posi t ive reactions 
in successive challenges is described. In several FCAT's with diacrylates 
an unusual challenge reaction pattern was observed. This unusual 
reaction pattern together with the observed increase or decrease in 
reac t i v i t y in successive challenges, observed in some of the FCAT's and 
the GPMT's, may in ter fere with a correct in terpretat ion of the test -
resu l ts . 
In chapter VI the invest igat ion of the cross-reaction pattern of 
acry l ic monomers is described. Nineteen d i f fe ren t groups of guinea pigs 
( to ta l number of animals 80) each sensit ized to one of the acry l ic 
monomers under invest igat ion were tested with 25 other acry l ic 
monomers, d i f fe ren t from the monomer that o r i g ina l l y sensit ized the 
animal. 
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Chapter VII deals in more detai l with the concomitant 
sensit izat ions to the i n h i b i t o r s hydroquinone and p-methoxyphenol as 
observed in 13 of 28 FCAT's with acry l ic monomers. The aim of the 
study presented in th is chapter was to invest igate: 
1. a possible r e l a t i o n between content of the i n h i b i t o r in acry l ic 
monomers and the incidence of (concomitant) sensi t izat ions; 
2. a possible influence of the i n h i b i t o r on the sensit iz ing potential 
of acry l ic monomers; 
3. the role of concomitant sensit izations to hydroquinone and 
p-methoxyphenol in the cross reaction pattern of acry l ic monomers; 
4. the sensi t iz ing potential of hydroquinone and p-methoxyphenol and 
t h e i r cross reaction pat tern, studied in separate FCAT's. 
In another FCAT the sensi t iz ing potential of hydroquinone was 
investigated using an induction concentration comparable with the 
concentration of th is i n h i b i t o r in the FCA/disti l led water/acryl ic 
monomer induction emulsion as had been used in the FCAT and the GPMT 
in the systematic analysis of the acry l ic monomers (induction 
concentration 0,45μΜ, th is is comparable with a hydroquinone content 
of 0,100 g/1 in an acry l ic monomer). 
The content of the i n h i b i t o r s was determined by High Performance 
Liquid Chromatography. Throughout this study thymol replaced 
hydroquinone or p-methoxyphenol i f necessary. 
Chapter VIII presents the conclusions. 
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STELLINGEN 
I 
Gezien het sterk contactallergene vermogen en het veelvuldig optreden 
van kruisreacties, zijn monoacrylaten niet geschikt voor die 
toepassingen waarbij intensief contact met de huid niet vermeden kan 
worden. 
Π 
Bij contactallergisch onderzoek van acrylverbindingen dienen de 
inhibitoren hydrochinon en/of p-methoxyfenol meegetest te worden. 
III 
De ernstige chronische infecties en vreemdlichaam granulomen die 
optreden na acrylvezel implantatie bij kaalheid, benadrukken het feit 
dat niet iedere toepassing van acrylverbindingen als een aanwinst moet 
worden beschouwd. 
IV 
Voor het opsporen van contactallergene eigenschappen van chemische 
stoffen is de in dit proefschrift beschreven gemodificeerde 
Freund's Complete Adjuvans Test een gevoelige en eenvoudig uit te 
voeren testmethode. 
V 
In publicaties over dierexperimenteel onderzoek met contactailergenen 
moeten de criteria aangegeven worden volgens welke een dier als wel of 
niet gesensibiliseerd gekwalificeerd wordt. 
VI 
Het lezen van de Journal of Irreproducible Results is een goede en 
vrolijke stimulans om resultaten van wetenschappelijk onderzoek 
kritisch te blijven bestuderen. 
VII 
De nonchalance waarmee onderzoekers nogal eens omgaan met chemicaliën 
is vaak niet in overeenstemming met de voor mens en milieu gevaarlijke 
eigenschappen van veel van deze stoffen. 
VIII 
Als men over toxiciteit spreekt dient men te spreken over maat en 
getal. 
IX 
In kwantiteit is het gebruik van beschermende huidzalven (barrier-
creams) omgekeerd evenredig met de kwaliteit van de publicaties 
waarin de effectiviteit van deze produkten is onderzocht. 
X 
In Nederland treden jaarlijks enkele duizenden nieuwe gevallen van 
arbeidsdermatologische afwijkingen op. 
XI 
Patiënten met arbeidsdermatologische afwijkingen vallen veelal tussen 
de wal en het schip. Enerzijds worden deze aandoeningen vaak niet of 
pas na langere tijd herkend, anderzijds ontbreken in het algemeen de 
middelen en mogelijkheden om deze patiënten op adekwate wijze te 
helpen. 
XII 
Het gebruikmaken van de 'babyhuid' bij de aanprijzing van z.g. 
'huidverzorgende middelen' zegt evenmin iets over de onschadelijkheid 
van deze produkten als het gebruik van welgevormde dames in de reclame 
voor automobielen iets zegt over de veiligheid van deze voertuigen. 
XIII 
13e Stelling: Het zou onjuist en tragisch zijn op grond van het in dit 
proefschrift beschreven onderzoek te concluderen dat 'er dus iets engs 
en gevaarlijks is met alle acryl'. 
Henk van der Walle 


